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GEOLOGIC INVESTIGATIONS IN SUPPORT OF PROJECT CHARIOT, 

PHASE 111, I N  THE VICINITY OF CAPE THOMPSON, NORTH- 

WESTERN ALASKA- -PRELIMINARY REPORT 

BY 

Reuben Kachadoorian, Russel l  H. Campbell, George W. Moore, 

David W. Scholl ,  Arthur H. Lachenbruch, Gordon W. Greene, 

B. Vaughn Marshall, David F. Barnes, Rex V. Allen, 

Roger M. Waller, and Marvin J. Slaughter  

ABSTRACT AND GEVERAL INTRODUCTION 

BY 

Reuben Kachadoorian 

Abst rac t  

The Chariot  t e s t  s i t e ,  a t  t h e  mouth of Ogotoruk Creek i n  t h e  v ic in -  

i t y  of Cape Thompson, Alaska, i s  geological ly  and topographical ly wel l  

s i t u a t e d  f o r  t h e  detonat ion of severa l  nuclear  devices t o  c rea te  an  ex- 

perimental  excavation proposed by t h e  U. S. Atomic Energy Commission. 

I n  t h e  a r e a  wi th in  a 15-mile rad ius  of t h e  Char io t  t e s t  s i t e ,  bed- 

rock c o n s i s t s  e n t i r e l y  of consolidated c l a s t i c  and chemical sediments, 

probably a l l  of which were deposited i n  marine environments. The rocks 

range i n  age from Ear ly  Mississippian t o  c re taceous (? ) ,  and t h e  t o t a l  

th ickness  i s  est imated t o  be a t  l e a s t  23,700 f e e t .  The rock u n i t s  

crop out  i n  north-trending bands with the  o l d e s t  rocks exposed on t h e  

west s ide  of t h e  a r e a  and progress ively  younger beds exposed ac ross  the  

area from west t o  e a s t .  Older rocks, of probable Devonian age, a r e  

exposed t o  t h e  northwest of t h e  mapped area .  



I n  the  western ha l f  of the  15-mile semici rcular  area ,  the  s t r u c t u r e  i s  

dominated by a s e r i e s  of imbt ica te  t h r u s t  f a u l t s ,  along each of which sheets  

of limestone and dolomite of the Lisburne group o f  Mississippian age have been 

t h r u s t  eastward. I n  the  e a s t e r n  ha l f  of the  a r e a  t h e  rocks a r e  complexly 

folded and broken by high-angle f a u l t s .  V i r t u a l l y  a l l  of  t h e  s t r u c t u r e  was 

probably formed during t h e  Laramide orogeny. The d i f fe rences  i n  s t r u c t u r e  

between t h e  two p a r t s  of the  a r e a  probably r e f l e c t  t h e  d i f fe rence  i n  response 

t o  the  deforming s t r e s s e s  by rocks of d i f f e r e n t  competence. The competent 

rocks of the  Lisburne group moved eastward i n  t h r u s t  sheets  a s  the  l e s s  com- 

p e t e n t  mudstone and sandstone of the  Jurassic-Cretaceous, and Cretaceous(?) 

u n i t s  were i n t r i c a t e l y  crumpled. The s t r u c t u r e  i s  in te rp re ted  a s  r e s u l t -  

ing from g r a v i t a t i o n a l  g l i d i n g  down an east-dipping basement slope--the 

western limb of a  l a r g e  north-trending syncline with an a x i s  near Cape 

Sepp ing s . 
The Chariot t e s t  excavation l i e s  e n t i r e l y  i n  frozen mudstone which has 

been complexly folded and fau l t ed .  Locally, t h e  rocks a r e  overturned. The 

mudstone contains numerous f a u l t  zones, most of which a r e  l e s s  than 5 f e e t  

wide, with the  exception of a  14.3-foot f a u l t  zone i n  Hole Baker and an 

8-foot  zone i n  Hole Char l ie .  The s t r i k e  of the  mudstone averages N.  20' E. 

and the  most common d ips  a r e  from 80' W. t o  80' E. Fracture cleavage i s  

prominent throughout the  mudstone and has an average s t r i k e  of about 

0 N.  25 E. and an average d ip  of 80' W.  Two we l l  defined and one poor ly  

defined j o i n t  s e t s  under l ie  the  t e s t  s i t e  and d i p  a t  20' ( t h e  most promin- 

e n t ) ,  45O, and 70' ( t h e  l e a s t  ~ r o m i n e n t ) .  

Although the  moisture content  of t h e  mudstone has not  y e t  been d e t e r -  

mined a t  depth, moisture determinations conducted wi th in  10  f e e t  of the  

surface  ind ica te  t h a t  t h e  moisture content  of  the  rock ranges from 3.1 per-  

cent  i n  the  thawed mudstone t o  12.5 percent  i n  t h e  frozen mudstone. 



The use of re f r igera ted  d i e se l  f ue l  a s  d r i l l i n g  f l u i d  i n  Holes Charl ie 

and Dog i n  1960 overcame the  collapse of d r i l l - ho l e  wal ls  owing t o  thaw- 

ing of permafrost experienced i n  t he  d r i l l i n g  of Holes Able and Baker by 

conventional techniques i n  1959. 

Work on coas ta l  processes was fqcused on es tab l i sh ing  a physical 

background fo r  e ~ o l o g i c a l  s tud ies  being conducted by other invest igators  

and on characterizing the  na tura l  movement of sediment a s  an a id  i n  

evaluating the  success and sa fe ty  of the  proposed nuclear t e s t .  The 1960 

surf  year began on Ju ly  5, when the  pack i c e  l e f t  the  shore, and it 

ended on October 21, when the  beach became s t ab i l i z ed  by the  formation 

of a kaimoo (an i c e  rampart) on i t s  surface.  Disturbance by sea i c e  during 

the  breakup period was seen t o  have almost no e f f e c t  on the  beach sedi-  

ments. Under changing sur f  conditions, beach mate r ia l  maved both t o  the  

e a s t  and west along the  shore, but  a t  the  end of t h e  surf  year, a ne t  of 

near ly  30,000 cubic meters of sediment had moved toward the  west. 

Piston-core samples from lagoons which do not contain the  mouths of 

r i v e r s  and streams show t h a t  only about 10 centimeters of sediment have 

been l a i d  down i n  the  lagoons since the  l a s t  major r i s e  of sea level .  The 

inferred shoreline h i s t o ry  of t he  a rea  i s  a s  follows: between 100,000 and 

63,000 years ago, sea l e v e l  reached a .po in t  approximately 8 meters above 

i t s  present stand; t h i s  period of high sea l e v e l  was followed by 50,000 

years during which t he  sea withdrew leaving a tundra-covered land area .  

Sea l e v e l  rose again 5,000 years ago t o  a point  about 3 meters below i t s  

present posit ion;  subsequently it rose slowly and i r regu la r ly ,  a t t a in ing  

i t s  highest  stand i n  the  19th century. 

The two new holes (char l i e  and ~ o g ) ,  d r i l l e d  through permafrost, a r e  

providing much of the  precise  temperature information needed fo r  a 
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quantitative evaluation of the thermal regime of lower Ogotoruk Creek valley. 

The depth and temperature of permafrost are affected by the proximity of 

surface bodies of water, especially the sea, and of major irregularities 

in topographic relief. At a point 300 feet inland, the bottom of perma- 

frost (0% . isotherm) la at a depth of 945 feet; 4,000 feet inland it is 

unaffected by the sea and extends to a depth of 1,170 feet. 

The thermal regime of permafrost is not in equilibrium with the present 

position of the shoreline or the present climate. If the present climate 

peraists it will result in thinning of the existing permafrost by raising 

the bottom about 300 feet. The thinning has not yet commenced, however, 

as the present climatic change has been in progress for only the past 

century. The total increase in mean ground surface temperature during 

this period has been on the order of 2'~;. The change has not been uniform 

throughout the vaLley, and it is likely that the differences can be traced 

to microenvironmental factors which are also in the process of change. 

Independent of the climatic effect, if the present shoreline were in 

thermal equilibrium with the earth, an additional 300 feet or so of perma- 

froet would have been removed at points 300 feet inland. An encroachment 

of the sea in the past 2,000 to 5,000 years is indicated by preliminary 

celculationa based on the assumption that the transgression occurred abruptly . 

in a single stage. A more gradual transgreesion would have initiated at an 

earlier date. At preeent permafrost extends beneath the margin of the 

Chukchi Sea in the Chariot site area. 

Preliminary calculations indicate that the flaw of heat to the sur- 

face from the earth's interior is on the order of one millionth of a 

calorie per square centimeta~ of eurface per second. This is close to the 

worldwide average, contrary to the speculation of some that the Arctic is 



anomalous i n  t n i s  respect.  

A s e r i e s  of gravi ty  measurements between Kotzebue and Point Hope indi-  

cate  a broad uneven gravi ty  low w i t h  double minimums near Cape Seppings and 

Kivalina. This low is probably caused by a thick accumulation of Mesozoic 

sediments and i s  s imilar  t o  the  gravi ty  low associated with the Colvil le 

geosyncline south of Point Barrow. Near Cape Seppings the anomaly appears 

t o  have a magnitude or about 30 mill igals ,  but some of t h i s  value may be 

caused by grav i ty  gradients normal t o  the general  trend of the  coastl ine 

p ro f i l e .  Gravity gradients on both s ides  of the  anomaly are  gentle,  and 

s ign i f ican t  var ia t ions  a r e  nqt associated with the ouzcraps of f a u l t s  mapped 

on the surface. However, there  i s  l i t t l e  density contras t  between the 

formations cropping out near Ogotoruk Creek, and large grav i ty  gradients 

were not expected . 
Shallow and deep aquifers  e x i s t  i n  the  Chariot t e s t  s i t e  area. The 

shallow aquifers,  which consis t  p r inc ipa l ly  of unconsolidated material, 

depend upon recnarge during flood stageszof the creeks and a r e  drained 

during low water. The deep aquifers a r e  i n  permeable portions of bed- 

rock and receive recharge water from d i s t an t  sources. Any radioactive 

f a l l o u t  i n  the  Ogotoruk Creek drainage could contaminate the shallow 

a l l u v i a l  aquifer of the creek; however, it appears t h a t  the  aquifer  i s  

e s sen t i a l l y  depleted and replenished each year. Water t h a t  i s  retained 

i n  the  sand and gravel probably i s  rlushed out the  following year, except 

possibly fo r  a wedge lying below sea l eve l  near the mouth of the lagoon. 

Whether t h i s  wedge i s  removed each year i s  not known, but it might become 

a point of accumulation of any radioactive mater ia l  contaminating the 

shallow aquifer.  

Substant ia l  radioactive f a l l o u t  inland probably would contaminate the 
.. 



deep aquifers. The aquifers could be contaminated by recharge from snow- 

melt or rain water percolating into the rocks. Radioactivity could be 

concentrated in some recharge areas by drifting snow accumulating in 

sheltered areas if the detonations are conducted during winter or spring 

months. It is unknown whether dilution or adsorption in the 8quiferB 

and streams would reduce the radioactivity to safe limits if initially 

high concentrations of radioactivity should occur. 

For all practical purposes, no flow occurred in Ogotoruk Creek from 

late October 1959 to mid-May 1960. Some flow may have occurred on 

scattered days during this period but amounts were too small to be of 

importance in the overall surface-water study. The surface flow of 

Ogotoruk Creek during the summer months of the 1960 water year was sub- 

stantially less than that of the 1959 water year. 

General Introduction 

In :lg58Ythe U. S. Atomic Energy Commission requested the U. S. 

Geological Survey to conduct geologic studies that would contribute to a 

determination of the feasibility and safety of creating a harborlike 

excavation by detonation of several nuclear devices along the northwest 

coast of Alaska. Known as Froject Chariot, the proposed test, located 

on Ogotoruk Creek, is one phase of the Atomic Energy Commission's Plow- 

share Program to develop peaceful uses of atomic energy. 

Although this preliminary report covers chiefly geologic work done 

during the 1960 field season, it also amplifies and updates information 

obtained in field and laboratory investigations during 1958 and 1959. 

The present report includes all phases of the Geological Survey's pro- 

gram outlined in the May 1960 Work Plan and Operating Budget for Chariot 



Phase 111. It also includes a chapter on site geology and a chapter 

on a gravity survey. All the pertinent problems associated with the 

Geological Survey's Chariot Phase 111 investigations are considered 

in this preliminary report. Some revisions and additions of signifi- 

cant findings may be necessary when complete laboratory results have 

been obtained. The authors believe, however, that these revisions and 

additions will be slight and will not materially affect the conclusions 

expressed in this report. 

Previous Work 

In the spring of 1958, the U. S. Geological Survey, at the request 

of the Atomic Energy Commission, undertook a study to evaluate geologic 

and oceanographic factors pertinent to the selection of a site between 

Nome and Point Barrow, Alaska. The results of the study suggested 

three geologically feasible sites for the proposed nuclear test in a 

20-mile coastal strip from Cape Seppings to Ogotoruk Creek (~dwd, Hop- 

kfns, and Lachenbruch, 1959). A field study of the three sftes was 

recommended in the report. 

Accordingly, a Survey field party spent frm early July to late 

August 1958 making geologic and oceanographic studies of the three sites. 

These investigations demonstrated that the Ogotoruk Creek site was geolog- 

ically best suited for the test nuclear excavation (~achadoorian, and 

others, 1958; and Scholl and Sainsbury, 1959). 

In 1959 the Survey was requested to continue its investigation dir- 

ected tmard determining the geologic environment of the proposed site. 

The scope of its investigations under this Chariot Phase 11 Program was 

expanded from that in 1958 and consisted of: (1) site geologic 



investigations, (2) areal geologic mapping, (3) coastal processes in- 

vestigations, (4) geothermal investigations, (5 ) seismic velocity 

investigations that included in-hole velocity and seismic refraction 

studies, and (6) water resources investigations consisting af surface 

water, ground water, and quality of water studies. The results of the 

Chariot Phase I1 1959 investigation are contained in two reports (~acha- 

doorian and others, 1960a; Kachadoorian and others, 196011). 

Present Work 

The studies upon which this report is chiefly based'were undertaken 

in support of the Chariot Phase I11 Program and, for the most part, con- 

stituted a continuation or expansion of field work initiated in 1959 and 

were as follows: (1) areal geologic mapping, (2) coastal processes investi- 

gations, (3) geothermal investigations, and (4) surface water and ground 

water investigations. Quality of water and seismic studies were not carried 

out during the 1960 field season. Lithologic logs of Holes Charlie and 
* - 

Dog that were drillep by Snow, Ice, and Permafrost Research Establishment 

of Corps of Engineers in 1960 were compiled in support of the geo.therma1 

and areal geologic mapping programs. Also, in support of the areal mapping 

program, a gravity survey was conducted at no expense-to the Atomic Energy 

Commission. 
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Locat ion 

The Chariot test site lies approximately 110 miles north of the 

Arctic Circle along the northwest coast of Alaska at long 165O45' W. 

and lat 68'06' N. (fig. 1). The area is at the mouth of Ogotoruk Creek 

located about 125 miles northwest of the town of Kotzebue and 6-112 

miles southeast of Cape Thompson. The village of Point Hcpe is 32 miles 

northwest of the test site. 

Accessibility 

The only means of access to the Chariot test site on Ogotoruk 

Creek is by boat, light aircraft, or tracked vehicle. Light single- 

engine aircraft can land at tile site on (1) a 700-foot northwest- 

southeast airstrip built by U. 5. Geological Survey personnel at the 

campsite in 1958, (2) a 400-foot north-south airstrip built in 1960 

at the campsite by Holmes and Narver, Inc., and (3) a north-south air- 

strip approximately 1,000 feet long built in 1959 . by Holmes And Narver, 

Inc., about three-quarters of a mile east of camp. Twin-engine air- 

craft can land on a 2,200-foot northwest-southeast airstrip built in 

1959 by Holmes and Narver, Inc., about half a mile east of camp. 





Methods of f i e l d  work 

Field work by Geological Survey personnel consisted of a s e r i e s  

of tracked-vehicle, foot, and boat t raverses  during which geological 

da ta  were collected and p lo t ted  on v e r t i c a l  a e r i a l  photographs and 

l a t e r  transferred t o  topographic maps. In  addition, l i g h t  a i r c r a f t  

on wheels and sk is  were used t o  ge t  i n to  the more remote and in- 

accessible areas.  

The Survey personnel included two 2-man p a r t i e s  and one man working 

alone. One 2-man team s ta r ted  f i e l d  work a t  the mouth of the  Kukpuk 

River ( f ig .  3 )  In the f i r s t  week of May. This party, doing a coastal  

processes study, l a t e r  concentrated i t s  a t ten t ion  on the Chariot t e s t  

s i t e .  The second 2-man par ty  s ta r ted  i t s  study during the t h i r d  week 

of June generally mapping within a semi-circular area  t ha t  extends 15 

miles from the Chariot t e s t  s i t e ;  the par ty  concentrated i t s  e f fo r t s  i n  

the  eastern and northwestern p a r t s  of the semicircular area. Other pa r t s  

of the  area were mapped i n  1958 and 1959. 

One man s ta r ted  f i e l d  work i n  the l a s t  week of June and located the 

s i t e s  f o r  Holes Charlie and Dog, collected surf data, made l i tho logic  

logs of the  Fore f'rom Holes Charlie and Dog, and collected general 

geologic data  i n  support of a l l  phases of the Geological Survey's 

program. 

In  addit ion t o  the above, Survey personnel doing the  ground water, 

surface water, gravity, and geothermal investigations were a l so  a t  the  s i t e  

from time t o  time. 
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ENGINEERING GEOLOGY OF THE CHARIOT TEST SITE ON 

OGOTORUK CREEX NEAR CAPE THOMPSON, NOKCEWESCERIV ALA$KA 

by 

Reuben Kachadoorian 

Intraduction 

During the 1960 f i e l d  season the author carried out detailed geo- 

logic  investigations at  Ogotoruk Creek site i n  support of a l l  phases 

of the Geological Survey's Chariot Phsse 111 grogram. I n  addition, 

he located and logged corer f'rom Boles Charlie and Dog, provided 

geologic advice and counael t o  other par t ic ipants  of the Chsriot 

program, and grovided s coordination m d  l i a i aon  function with other 

par t ic ipants  i n  the progrm. 

Four diamond-drill ho l r r  now have been d r i l l ed  a t  the Chsriot t e s t  

s i t e  ( f ig .  2). Holes Able and Baker, d r i l l e d  i n  1959, a re  598 fee t  

and 1,172 fee t  deep, respectively. Holes Charlie and Dog, dr i l led  i n  

1960, are  1,002.1 f e e t  and 1,202.2 f ee t  deep, respectively. Holes 

Able and Baker were drilled by conventional techniques, whereas Holes 

Charlie and Dog were d r i l l ed  with refr igerated d iese l  fuel.  Litho- 

logic  logs of Holee Able and Baker a re  included as tables  5 end 6 i n  

the Burvey's preliminary report  fo r  Chariot Phase I1 (Kachadoorian 

and others, 1960a)j tables  1 end 2 of t h i s  regort  s r e  detailed logs of 

Holes Charlie and Dog. 

To prevent the frozen core f'rom Holes Charlie and Dog f'rom thaw- 

ing, d%sel f u e l  was chi l led t o  an average temperature of 10' F and 

used ae d r i l l i n g  f lu id .  The frozen core w a s  t en ta t ive ly  logged i n  the 

f ie ld ,  glsced i n  a haw freezer, and shipged t o  the SIPRE cold-room 





labora tory  i n  Wilmette, I l l i n o i s ,  where it w a s  logged i n  d e t a i l  by t h e  

author. Core w a s  not  obtained below t h e  bottom i n t e r f a c e  of perma- 

f r o s t  approximately 945 f e e t  deep i n  Hole Char l ie  and 1,170 f e e t  deep i n  

Bole Dog. 

Continuous coring of t h e  holes w a s  d i t h e r  planned nor attempted, but  

w a s  done a t  100-foot i n t e r v a l s  agreed upon by SIPRE and the  USGS. This 

decis ion was based on t h e  knowledge of t h e  l i t h o l o g y  of t h e  Chariot  s i te  

a r e a  obtained during t h e  d r i l l i n g  of Holes Able and Baker i n  1959. Oc- 

casiorlally a s l i g h t  v a r i a t i o n  from t h e  100-foot i n t e r v a l  was necessary 

due t o  s l i g h t  changes i n  l i thology.  The amount of core obtained w a s  about 

88 f e e t  from Hole Char l ie  and about 100 f e e t  from Hole Dog. 

Bedrock 

The s i t e  is  located  e n t i r e l y  i n  complexly folded and raul ted  mudstone 

of t h e  ~ i g l u k ~ u k ( ~ )  formation of Ju rass ic  age. Locally, tne  nrudstone i s  

expo;ed on the  surface  as s p l i n t e r s  1/8 t o  1/4 inch th ick ,  1 /2  t o  1 inch 

wide, and about 3 inches long. A t  depth, however, t h e  mudstone i s  not  

sp l in te red  but ins tead i s  r e l a t i v e l y  sound due t o  healing of the f rac -  

t u r e s  by i c e .  Also a t  depth, t h e  mudstone i n  p a r t  i s  more massive 

( t a b l e s  1 and 2 ) .  

Kachadoorian (1960a) believed t h a t  t h e  moisture content  w a s  higher 

than repor ted  by the  Anchorage, Alaska l a b o r a t o r i e s  of the  Corps of 

Engineers. They repor ted  a moisture content of thawed samples of mud- 

s tone  t o  range from 0.28 t o  5.67 percent  (wri t te l l  communication, 

1959). The Corps of Engineers were unable t o  cousider t h e  i c e  i n  



Table 1.--Lithologic log  of Hole Charl ie ,  Chariot s i t e ,  

northwestern Alaska 

Depth 
( f e e t )  Descript ion 

0.0 - 1 .5  Beach gravel ,  unfrozen 

1 . 5  - 5.0 Flrozen beach gravel  with ice;  i c e  lenses  from 4.0 t o  
5 .0  f e e t ;  g rave l  subrounded t o  rounded; pebbles t o  
112 inch i n  diameter, average s i z e  114 inch. Top of 
permafrost a t  1 .5  f e e t .  

Unable t o  core; frozen beach gravel;  al though frozen 
from 5.0 t o  6.0 f e e t ,  i c e  content low; l o s s  of d r i l l -  
ing f l u i d  from 5.0  t o  6.0 f e e t ;  from 6.0 t o  9.1 f e e t  
frozen gravel  consis t ing  of 50 percent  i c e  and 50 
percent  subrounded t o  rounded pebbles t o  2 inches i n  
diameter. 

Beach gravel ,  frozen, containing up t o  20 percent  
ice ;  core i n  two pieces  and fragments from 1 t o  6 
inches; gravel  cons i s t s  of subrounded t o  rounded peb- 
b l e s  t o  112 inch i n  diameter, average is  114 inch i n  
diameter; from 9.1 t o  9.4 f e e t  i s  c l e a r  i c e  lense .  

Beach gravel ,  not cored; frozen, c u t t i n g s  show high 
i c e  content .  Bedrock at  21.4 f e e t .  

Mudstone, frozen; not cored. 

Mudstone, medium dark-gray, frozen, two p ieces  5 
inches long and fragments 114 inch th ick;  l a r g e  
p ieces  contain quartz veins; f a u l t  zone from 25.2 t o  
27.4 f e e t ;  f a u l t  contact  at  25.2 f e e t ,  d i p s  8 5 O .  

27.4 - 107.0 Mudstone, frozen, not cored; c u t t i n g s  ind ica te  high 
quar tz  content from 40.0 t o  67.0 f e e t .  

107.0 - 115.0 Mudstone, dark gray, frozen, genera l ly  massive; 
b recc ia  from 107.0 t o  112.6 f e e t ;  b recc ia ted  f rag-  
ments healed by ice ;  core massive from 112.6 t o  
115.0 f e e t ;  contains quar tz  vugs and veins t,o 118 
inch th ick .  Bedding d ips  600. 

115.0 - 194.9 Mudstone, frozen, not cored. 



Table 1.--Lithologic log of Hole Charlie, Chariot s i t e ,  

northwestern Alaska--Continued 

Depth 
( f ee t )  Description 

194.9 - 203.6 Mudstone, dark-gray, frozen; core appears t o  be sound 
but i s  mostly breccia healed by ice, smallest frag- 
ments from 200.3 t o  203.6 feet ;  quartz veins from 
194.9 t o  195.2 feet ;  114-inch quartz veins at  199.0 
feet ;  114 inch ice healing fractures  a t  195.7, 197.3, 
and 198.0 f ee t .  

203.6 - 295.7 Mudstone, frozen, not cored. 

295.7 - 303.9 Mudstone, medium dark-gray, frozen; massive except 
from 295.7 t o  296.8 feet ,  where thin-bedded; frag- 
ments due t o  d r i l l i ng  from 302.0 t o  303.9 feet ;  th in  
quartz veins a t  297.6 fee t  and i n  zone 299.6 t o  
299.8 fee t ;  fracture cleavage healed by ice  dips 
800; joint  healed by ice dips  60°. 

303.9 - 407.8 Mudstone, frozen, not cored; d r i l l i n g  very slow from 
342.0 t o  370.0 feet ,  where cuttings contain high 
quartz content and mudstone, medium-gray. 

407.8 - 416.4 Mudstone, medium-gray, frozen; core i n  fragments 
407.8 t o  410.2 feet ,  massive from 407.8 t o  416.4 
fee t ;  massive core contains quartz veins t o  114 
inch thick; ha i r l ine  fractures  healed by ice; 
jo in ts  d i p  20°, healed by ice, and fracture cleavage 
d ips  80°; bedding 80° t o  850. 

416.4 - 507.8 Mudstone, frozen, not cored; d r i l l ed  hard material 
from 440.0 t o  476.0 feet ,  probably medium dark- 
gray mudstone w i t h  high quartz content. 

507.8 - 516.8 Mudstone, medium-gray, frozen; massive except from 
510.0 t o  513.9 f ee t  where or iginal ly  highly frac- 
tured in to  1-inch pieces now healed by ice; bedding 
from 114 t o  314 'in& thick, average 318 inch 
thick; t i g h t  joints, closely spaced, d i p  75O. 

516.8 - 607.8 Mudstone, frozen, no core. 

607.8 - 619.0 Mudstone, dark-gray, frozen, massive; f racture 
cleavage d i p s  85'; bedding dips  80'; t i g h t  joints, 
widely spaced, d i p  20'; f ractures  and joints  healed 
by ice; quartz veins from 610.9 t o  614.9 feet ,  616.1 
t o  616.5 fee t ,  and 617.3 t o  618.3 fee t ;  loca l ly  
quartz veins t o  114 inch thick. 



Table 1.--Lithologic log  of Hole Charl ie ,  Chariot s i t e ,  

northwestern Alaska--Continued 

Depth 
l f e e t )  Descript ion 

619.0 - 707.8 Mudstone, frozen, no core. 

Mudstone, dark-gray, frozen; genera l ly  massive, how- 
ever fragments from 713.4 t o  715.8 f e e t ;  thin-bedded 
mudstone fau l t ed  agains t  massive mudstone from 711.4 
t o  715.8 f e e t ;  t h i n  beds l e s s  than 112 inch t h i c k  
d i p  8 8 O  t o  go0; f r a c t u r e  cleavage d ips  85') : 
healed by i ce ;  j o i n t s  75O, genera l ly  t i g h t ,  healed by 
i ce ,  sand, and clay; j o i n t s  noted only at  711.2 and 
711.6 f e e t ;  quartz veins l e s s  than 1/16 inch t h i c k  a t  
711.5 and 712.1 f e e t .  

715.8 - 8 0 3 . 2  Mudstone, frozen, n o c o r e .  

803.2 - 807.4 Mudstone, dark-gray, frozen; massive from 803.2 t o  
805.4 f e e t ;  from 805.4 t o  807.4 f e e t  h a l f  of core 
massive h a l f  t h i n l y  bedded; bedding i n  massive core 
d ips  7ob; t h i n  f r a c t u r e s  healed by quartz;  quartz 
veins  sca t t e red  throughout core. 

807.4 - 815.0 Mudstone, frozen, no core. 

815.0 - 817.7 Mudstone, dark-gray, frozen; core i n  fragments, 
l a r g e s t  p iece  5 inches long; v e r t i c a l  f r a c t u r e  cleav- 
age and t i g h t  j o i n t s  dipping 60' noted i n  ?-inch 
pieces;  core crumbles e a s i l y ;  h ighly  f rac tu red  due 
t o  d r i l l i n g  from 815.0 t o  815.9 f e e t  and 817.0 t o  
817.7 f e e t .  

817.7-887.8 Mudstone, frozen, n o c o r e .  

887.8 - 889.7 Mudstone, dark-gray, frozen; f r ac tu red  along bedding 
planes  i n t o  t abu la r  p ieces  genera l ly  1 by 2 by 3 
inches; quar tz  veins and veins  l e s s  than 1/16 inch 
t h i c k  from 889.5 t o  889.7 f e e t ;  bedding v e r t i c a l .  

889.7 - 1002.1 Mudstone; estimated depth of permafrost 945 f e e t ;  
unable t o  core; mudstone dark-gray and s o f t .  Bottom 
of hole  a t  1002.1 f e e t .  



Table 2.--Lithologic log of Hole Dog, Chariot s i t e ,  

northwestern Alaska 

Depth 
( f ee t )  Description 

0.0 - 1.2 Vegetation material and windblown sand and si l t ;  no 
core. 

1.2 - 1.8 100 percent ice; top of permafrost 1.2 fee t .  

1.8 - 2.0 ~olluvium, frozen, 95 pepcent ice  with 5 percent 
randomly oriented fragments t o  1 inch long. 

2.0 - 2.6 Calluvium, frozen, 50 percent ice  and 50 percent 
randomly oriented fragments t o  1 inch long; 1-inch 
ice  lens a t  2.5 feet .  

2.6 - 3.3 Colluvium, frozen, 50 percent ice  and 50 percent 
bedrock fragments t o  1 4nch long with s l igh t  ve r t i -  
c a l  orientation. 

3.3 - 8.5 Colluvium grading into mudstone bedrock; frozen, ice  
content 50 percent a t  3.3.feet decreases t o  10 per- 
cent a t  8.0 feet ;  s t r a t i f i c a t i o n  of tabular mudstone 
fragments becomes progressively more uniform and 
ve r t i ca l  a t  depth and fragments become progressively 
larger;  a t  3.3 f ee t  fragments average 1/2 inch long, 
a t  8.5 f e e t  average i s  3 inches long; ice  lenses 
from 4.8 t o  4.9 feet ,  5.6 t o  5.7 feet ,  and 8.0 t o  
8.4 feet ;  ice content increases from 8.0 t o  8.5 feet .  
Bedrock a t  8.5 feet .  

8.5 - 10.4 Mudstone, frozen; highly fractured from 8.5 t o  9.2 
f ee t  with estimated 20 percent ice; 9.2 t o  10.4 f e e t  
mudstone, more sound; bedding dips 85'; ice between 
bedding planes . 

10.4 - 94.9 Mudstone, frozen, no core. 

94.9 - 102.2 Mudstone, medium dark-gray; frozen; massive except 
from 95.7 t o  97.0 feet ,  which i s  zone of healed 
breccia; ve r t i ca l  f racture cleavage healed by ice; 
bedding appears t o  d i  from 70' t o  80'; t i gh t  joints  8 healed by ice, dip 20 , located a t  95.8, 100.2, and 
101.8 feet .  

1 0 2 . 2 -  194.5 Mudstone, frozen, nocore .  

194.5 - 200.2 Mudstone, medium dark-gray, frozen; core highly 
fractured from 194.5 t o  198.0 feet ;  re la t ive ly  mas- 
sive from 198.0 t o  200.2 feet ;  f ractures  healed by 
ice; f a u l t  gouge from 197.1 t o  197.4 feet ;  dips 60'; 
quartz veins and vugs from 194.9 t o  195.1 feet;  frac- 
tures  dip 70' and 10' t o  15O; joint  dips 20° a t  
194.9 fee t .  



Table 2.--Lithologic log of Hole Dog, Chariot site, 

northwestern Alaska--Continued 

Depth 
( f ee t )  Description 

200.2 - 291.0 Mudstone, frozen, no core. 

291.0 - 302.0 Mudstone, dark-gray, frozen; generally massive, highly 
fractured from 299.2 t o  299.9 feet,  and crumbles  
eas i ly  a t  301.2 feet ;  fractures healed by ice  or 
quartz; quartz veins less than 1/64 inch t h i c k  from 
298.8 t o  299.0 f e e t  and 300.0 t o  300.2 feet ;  joints: 
one s e t  d i p s  20' k t  291. g6 294.2, 299.2, and 299.8 
feet; another set  d ips  45 a t  296.7 and 298.8 feet .  

302.0 - 407.2 Mudstone, froaen, no core. 

407.2 - 413.5 Mudstone; medium-gray, massive from 407.2 t o  410.7 
feet;  dark-gray, thin-bedded, f r i ab le  and so f t  from 
410.7 t o  413.5 feet ;  frozen; f a u l t  zone from 410.7 
t o  413.5 feet ;  fracture cleavage d i p s  60' and joint  
d ips  45O, both healed by ice; s m a l l  quartz veins 
less than 1/64 inch th ick  throughout core. 

413.5 - 495.0 Mudstone, frozen, no core. 

495.0 - 505.3 Mudstone, dark-gray, frozen; massive except from 
498.2 t o  499.5 feet ,  where highly fractured, some 
due t o  dr i l l ing ;  fracture cleavage d ips  80' from 
495.0 t o  500.3 feet ;  f ractures  a l l  healed by ice  
and quartz from 495.0 t o  498.4 feet ;  f r o m  498.4 t o  
500.3 feet  some fractures  open, others healed by 
quartz; bedding d ips  from 75' t o  80°; quartz s t r ing-  
ers l e s s  than 1/32 inch th ick  throughout core. 

505.3 - 596.4 Mudstone, frozen, no core; cuttings indicate local  
quartz veins. 

596.4 - 607.6 Mudstone, medium dark-gray, frozen; massive and 
highly  fractured; fracture zones from 602.3 t o  603.0 
fee t ,  604.0 t o  604.2 feet ,  and 605.0 t o  605.1 feet; 
f d t  b r e c c i a  f r o m  596.4 t o  597.4 feet; fractur@s. l:, 
Eieislbd i by iJicec'fGm. $02. gt t o .  604 -7 ;,feet and 605.7 
t o  606.4 feet; qua r t z  veins throughout core, which 
loca l ly  heals Joints dipping 20' and fracture cleav- 
age dipping 85 . 

607.6 - 694.6 Mudstone, frozen, no core. 



Table 2.--Lithologic log  of Hole Dog, Chariot  s i t e ,  

northwestern Alaska--Continued 

Depth 
( f e e t )  Descript ion 

694.6 - 704.1 Mudstone, dark-gray, frozen; genera l ly  massive except 
fragments due t o  d r i l l i n g  from 701.0 t o  701.5 f e e t  
and a t  703.0, 703.5, and 703.9 f e e t ;  f r a c t u r e  cleav- 
age d i p s  80'; $oh',heh&edpb? d b e ~ ~ ~ c 4 n € ~ ~ ~ ~ s '  25' -6t 
699.0 . f ee t .  

704.1 - 796.6 Mudstone, frozen, no core. 

796.6 - 806.4 Mudstone, dark-gray, frozen, massive; quar tz  through- 
out  core as t h i n  s t r i n g e r s  e s p e c i a l l y  from 796.6 t o  
798.2 f e e t ,  800.7 t o  802.1 f e e t ,  and 802-9 t o  805.0 
f e e t ;  t a l c o s i c  vugs t o  1 /2  inch t h i c k  from 800.7 t o  
802.1 f e e t  and a t  804.2 f e e t ;  f r a c t u r e  cleavage d ips  
8 5 O  and healed by i ce ;  j o i n t s  d i p  20' a t  798.0 and 
801.8 f e e t ,  a l s o  healed by ice ;  i c e  c r y s t a l s  noted i n  
f r e s h  f r a c t u r e .  

806.4 - 894.9 Mudstone, frozen, no core. 

894.9 - 901.8 Mudstone, dark-gray, frozen, massive b u t  f rac tured due 
t o  d r i l l i n g  from 899.2 t o  900.3 f e e t  and a t  901.2 
f e e t ;  bedding appears t o  d i p  80'; abundant quartz 
ve ins  and vugs throughout core; jo in t s ,  d i p  45O, 
loose,  and spaced 0 .1  t o  1 . 2  f e e t  apar t ;  j o i n t s  may 
be loose  due t o  d r i l l i n g .  

901.8 - 994.9 Mudstone, frozen, no core.  

994.9 - 1005.0 Mudstone, medium-gray, frozen,  massive; bedding d i p s  
80°; throughout core quar tz  veins  have healed h a i r -  

I l i n e  f rac tu res ;  quartz vugs t o  1 /4  inch t h i c k  a t  
1001.4 f e e t  and from 1002.4 t o  1005.0 f e e t ;  one Sb$ L 
t i g h t  j o i n t s  d ips  45' a t  996.5, 997.6, and 998.0 f e e t ;  
one j o i n t  s e t  d ips  20° a t  1003.4 f e e t ;  j o i n t s  gener- 
a l l y  healed by quar tz .  

1005.0 - 1100.0 Mudstone, frozen, no core. 

1100.0 - 1103.4 Mudstone, medium-gray, frozen, although i c e  not  
noted; massive; bedding d i p s  45'; quar tz  s t r i n g e r s  
l e s s  than 1/32 inch t h i c k  from 1101.4 t o  1102.5 f e e t ;  
j o i n t s  d ip  20° and 45O, t i g h t  and widely spaced. 

1103.4 - 1202.2 Mudstone, no core; estimated bottom of permafrost a t  
1170 f e e t .  Cutt ings ind ica te  mudstone genera l ly  m a s -  
s ive  wi th  l o c a l  zones of thin-bedded mater ia l ;  some 
massive zones contain quar tz  veins  of unknown th ick-  
ness, locat ion,  and amount. 



fractures and i n  joints because the core furnished them for  moisture 

determinations was thawed. The Survey has not yet determined moisture 

content on the frozen core obtained from Holes Charlie and Dog. They 

have, however, determined moisture contents of samples of mudstone, ob- 

tained within 10 f ee t  of the surface, during the high explosive t e s t  

conducted a t  the Chariot s i t e  during November 1960. The r e s u l t s  show 

tha t  the moisture content ranged from 3.1 percent i n  the thawed mud- 

stone t o  12.5 percent i n  the frozen mudstone. Locally, ice  wedges 6 

inches thick were observed i n  the 9.6-foot high~explosive t e s t  hole. 

It should be pointed outthat these r e su l t s  were obtained i n  a t e s t  hole 

only 9.6 f ee t  deep and may not r e f l e c t  the moisture content of the mud- 

stone a t  depth. 

Structure 

The rocks tha t  underlie the Chariot t e s t  s i t e  are  t i gh t ly  folded, 

loca l ly  overturned, mudstone. Thus, the dip of the beds ranges from 

horizontal through ve r t i ca l .  However, although the beds are  t i gh t ly  

folded, the average dip i s  about 80'. The str ike of the beds varies  

also,  but i s  f a r  more uniform than the dip and averages about N. 20' E. 

Fault zones are  n&rou&; i n  the core from Holes Charlie and Dog. 

A t  l ea s t  four zones were observed i n  the 88 f e e t  of core from Hole 

Charlie and four f r o m  the 100 f e e t  of core from Hole Dog ( tables  1 

and 2) .  I n  comparison, s i x  f a u l t  zones were noted i n  598 fee t  of core 

from Hole Able and 26 zones noted from about 858 f e e t  of core from 

Hole Baker (~achadoorian and others, 1960a). The f a u l t  zones in  Hole 

Charlie ranged from 2.2 t o  8.0 f e e t  thick; i n  Hole Dog they ranged 



from 0.3 t o  2.8 f e e t  th ick .  I n  Holes Able and Baker most of t h e  f a u l t  

zones were l e s s  than one foo t  th ick .  I n  Hole Baker a 14.3-foot zone, 

t h e  l a r g e s t  noted i n  any of t h e  four  holes, e x i s t s  between depths of 

239.7 t o  254.0 f e e t .  The displacement along t h e  f a u l t  zones could not 

be determined. 

The a t t i t u d e  of t h e  f r a c t u r e  cleavage i s  f a i r l y  uniform. The aver- 

age s t r i k e  i s  N. 25' E. and t h e  d ip  v a r i e s  frcsn 60' E. t o  75' W. The most 

common dip, by far, i s  80' E. Locally, when t h e  Fracture cleavage i s  along 

t h e  bedding of t h e  mudstone, a quest ion arises whether t h e  pa r t ing  i s  

f r a c t u r e  cleavage o r  i s  due t o  unloading during t h e  coring process.  I n  

t h e  permaFrost zone, most of t h e  f r a c t u r e  cleavage p a r t i q p  have been healed 

by i c e  o r  quar tz  veins .  

There a r e  at  l e a s t  two, poss ib ly  three ,  s e t s  of conjugate jo in t s :  one 

dipping 20°, a second dipping 4 5 O ,  and poss ib ly  a t h i r d  dipping 70'. The 

most prominent set d i p s  20'. The spacing of t h i s  set v a r i e s  f r o m  0.1 foo t  

t o  5 f e e t .  The 45' set i s  not as common as t h e  20' set and j o i n t s  were 

observed as being spaced 0.1 foot  t o  2 .1  f e e t  apar t .  The 70' j o i n t  set 

i s  t h e  least common and i s  noted only occas ional ly  a t  depths below 500 

f e e t  i n  Hole Charl ie .  Most of t h e  j o i n t s  are t i g h t  and commonly healed by 

quar tz  or  i c e  t h a t  occurs i n  t h e  permafrost zone. 

For a more d e t a i l e d  desc r ip t ion  of the geology of the  Chariot test 

s i t e  t h e  reader  i s  r e f e r r e d  t o  previous r e p o r t s  by t h e  Geological Survey 

i n  support of  t h e  Chariot  program (~achadoor ian  and others ,  1958 and 

1960a). 



Unconsolidated deposi ts  

Unconsolidated depos i t s  of  Quaternary age o v e r l i e  t h e  mudstone and 

c o n s i s t  of beach deposi ts ,  t e r r a c e  deposi ts ,  s i l t  and sand, colluvium, 

a l l u v i a l  f a n  deposits ,  swamp deposits ,  f lood p l a i n  deposi ts ,  and modern 

beach deposi ts .  I n  t h e  s i t e  area these  deposi ts  are genera l ly  less than 

12 feet t h i c k  bu t  l o c a l l y  may be as much a s  30 f e e t  t h i c k .  

For a more d e t a i l e d  desc r ip t ion  of t h e  unconsolidated dzposits ,  

t h e  reader i s  r e f e r r e d  t o  an  earlier Survey r e p o r t  (Kachadoorian and 

others ,  1958). 

Permafrost 

'Permafrost, o r  pe renn ia l ly  frozen ground, under l i e s  t h e  Chariot 

test  s i t e .  The depth t o  permafrost i n  a reas  oE bedrock w a s  observed t o  

be 4 f e e t  adjacent  t o  t h e  north-south a i r s t r i p  e a s t  of Ogotoruk Creek; 

elsewhere t h e  depth i s  unknown bu t  i s  believed t o  be less than 1 0  f e e t .  

I n  unconsolidated deposi ts ,  except modern beach depos i t s  and f lood 

p l a i n  deposi ts ,  permafrost genera l ly  l i e s  1 foo t  t o  3 feet below t h e  

surface .  The top of t h e  permafrost i a  unknown i n  modern beach deposi ts  

bu t  bel ieved t o  be l e s s  than 25 feet deep. Permafrost l i e s  wi th in  5 

o r  6 f e e t  of t h e  surface  i n  t h e  f lood p l a i n  deposi ts .  P ~ r m a f r o s t  w a s  

encountered 2.4 feet below t h e  surface i n  Hole Able; 2 .1  f e e t  i n  Hole 

Baker; 1.5 feet i n  Hole Charl ie;  and 1 .2  f e e t  below t h e  surface  i n  Hole 

Dog. 

I c e  wedge polygons are common i n  t h e  Chariot  s i t e  a r e a  and are 

confined t o  areas of sand and s i l t  deposi ts  (Kachadoorim gnd others,  

1958, p l s .  1 and 3). Fros t  b o i l s  are a l s o  numerous throughout t h e  



Chariot  s i t e  area .  They a r e  not,  however, confined t o  a reas  of s i l t  and 

sand, although they a r e  b e s t  developed i n  s l l t  and sand and colluvium 

deposi ts .  

During the  d r i l l i n g  of Holes Able and Baker by conventional tech- 

niques, ser ious  d i f f i c u l t i e s  arose owing t o  thawing and col lapse  of hole 

w a l l s .  To overcome t h i s  d i f f i c u l t y ,  r e f r i g e r a t e d  d i e s e l  fueL was used 

as t h e  d r i l l i n g  f l u i d  during t h e  d r i l l i n g  of Holes Char l ie  and Dog i n  

1960. This technique, developed by SIPRE, worked as expected and 

r e s u l t e d  i n  two abso lu te ly  c lean holes.  No pcoblems were encountered 

durlng t h e  i n s e r t i o n  of t h e  tilermistor cables,  although t h r e e  cables were 

placed i n  Hole Char l ie  and two i n  Hole Dog. A d e t a l l e d  d iscuss ion of 

t h e  r e s u l t s  obtalned from t h e  thermis tor  cables  i n  Holes Able, Baker, 

Charl ie ,  and Dog i s  presented later i n  t h i s  r e p o r t  by Lachenbruch, Greene, 

and Marshall.  

Summary and conclusions 

The Chariot  t e s t  excavation l i e s  e n t i r e l y  i n  f rozen mudstone which 

has  been complexly folded and fau l t ed .  Locally, t h e  rocks a r e  over- 

turned.  The mudstone conta ins  numerous f a u l t  zones, most of  which are 

l e s s  than 5 f e e t  wide, witn t h e  exception of a 14.3-foot f a u l t  zone i n  

Hole Baker and an 8-foot  zone i n  Hole Char l ie .  

The s t r i k e  of t h e  mudstone averages N. 20' E. and t h e  most common 

0 d i p s  a r e  from 80' W. t o  80' E. Fracture  cleavage s t r i k i n g  N. 25 E. with 

an average d i p  of 80' E. i s  r e l a t i v e l y  uniform throughout t h e  mudstone. 

Two wel l  defined and one poorly defined j o i n t  s e t s  under l ie  t h e  t e s t  s i t e .  

They occur a t  20' ( t h e  most prominent), 45O, and 70' ( t h e  l e a s t  prominent). 
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The moisture content of t h e  mudstone has not  been determined a t  

depth. However, a t  depths wi th in  LO feet of t h e  surface t h e  moisture 

content v a r i e s  from 3.1  percent  i n  thawed mudstone t o  12.5 percent  i n  

frozen mudstone. Locally, i c e  wedges 6 inches t h i c k  occur. 

The use of r e f r i g e r a t e d  d i e s e l  f u e l  as d r i l l i n g  f l u i d  i n  d r i l l -  

ing  Holes Char l ie  and Dog i n  1960 overcame the  collapsing of d r i l l  

hole walls due t o  thawing of permafrost encountered during t h e  d r i l l -  

i n g  of Holes Able and Baker i n  1959. Holes Able and Baker were 

d r i l l e d  with conventional techniques us ing conventional "mud" t o  

maintain t h e  i n t e g r i t y  of walls of t h e  holes .  

The d r i l l i n g  o r  digging of the  l a r g e  device holes w i l l  p resent  

a major engineering problem. Extensive slumping of the  walls exper- 

ienced i n  1959 during t h e  d r i l l i n g  of Holes Able and Baker ind ica tes  

t h a t  similar d i f f i c u l t i e s  ehould be expected i n  t h e  const ruct ion o r  

d r i l l i n g  of the  l a r g e  device holes.  The experience of d r i l l i n g  

Holes Char l ie  and Dog shows t h a t  t h e  d i f f i c u l t i e s  can be overcome 

by using r e f r i g e r a t e d  d i e s e l  f u e l  if t h e  l a rge  holes  are d r i l l e d  o r  

by using cribbing o r  any other  proper mining technique i f  the  holes 

a r e  mined. 
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AREAL GEOLOGIC MAPPING IN THE CAPE THOMPSON AREA, ALASKA 

by 

Russell H. Campbell 

Introduction 

The main objective of the areal mapping program is to provide a 

general-purpose geologic map and report on 8-n area of about 350 square 

miles in the vicinity of the Chariot test site. The generalized geologic 

map included in this report (pl. 1) is a -campilation at a scale of 1:125,000, 

which shows the distribution of the major bedrock units and their broad 

structural relationship. It serves primarily as an illustration of the 

regional structure from which interpretation may be made concerning the 

deformational history of the area. The more detailed and complete compil- 

ation of the geology of the area at 1:63,360 scale is in preparation and 

will be submitted with a comprehensive report on the bedrock and surficial 

geology. 

The field work in connection with the present areal geologic mapping 

program has been completed. Approximately 200 square miles were mapped 

during the 1960 summer field seasan by the writer assisted by D. R. Currey. 

The field work was done by weasel and foot-traverses. The mapping was done 

on vertical aerial photographs at scales of 1:'41,000 and 1:46,0~)0 and trans- 

ferred to topographic base maps. This area is shown on the index map 

(fig. 3), which shows areas where Geological Survey personnel connected 

with Project Chariot have done field work that contributes to the 

objective of the areal mapping program. It does not include all areas 





studied by a l l  Geological Survey personnel on Pro jec t  Chariot.  For 

example, it excludes work done by the  Coastal  Processes p a r t y  along the  

coas t  from Sheshalik t o  Point  Hope and work done i n  t h e  Cavroeruk Springs 

a r e a  i n  connection with ground-water inves t iga t ions .  I n  addi t ion  t o  f i n a l  

map compilation, t h e  work i n  progress c o n s i s t s  of paleontologic and pet ro-  

graphic labora tory  examination of specimens co l l ec ted  aur ing t h e  p a s t  

t h r e e  f i e l d  seasons, synthes is  of d a t a  bearing on the  T e r t i a r y  and 

Ple is tocene eros ion h i s t o r y  of the  area ,  and prepara t ion of a f i n a l  com- 

prehensive r e p o r t .  

S t ra t ig raphy  

The bedrock of t h e  map a r e a  c o n s i s t s  e r r t i r e ly  of consolidated 

c l a s t i c  and chemical sediments, probably a l l  of which were deposited i n  

marine environments. Mudstone, sandstone, limestone, dolomite, che r t ,  

and a r g i l l i t e  a r e  t h e  most common rock: types .  The rocks exposed i n  t h e  

map a r e a  range i n  age from Early  Mississippian t o  cre taceous(?) .  The u n i t s  

crop out  i n  north-trending bands progressing genera l ly  from older  beds on 

t h e  west t o  younger beds on the  e a s t ,  with l o c a l  complications i n  t h e  i n -  

t e n s e l y  th rus t - fau l t ed  a r e a  ( p l .  1 ) .  The bedrock i s  concealed i n  more than 

50 percent  of t h e  a r e a  by a t h i n  cover of unconsolidated sediments and 

vegetat ion.  The unconsolidated depos i t s  c o n s i s t  of peat ,  sand, s i l t ,  and 

gravel ,  and occur as wind-deposited s i l t  and f i n e  sand, colluvium ( t h e  

most abundant of t h e  unconsolidated deposi ts ,  l a r g e l y  a prodnct of mass 

wasting), take and swamp deposits ,  f lood p l a i n  deposi ts ,  beach g rave l  

depos i t s  of two o r  th ree  d i f f e r e n t  ages, and t e r r a c e  g rave l  depos i t s  

a t  severa l  l e v e l s  along t h e  course of t h e  Kukpuk River, Ogotoruk Creek, 



,and minor streams. The unconsolidated deposits  are  generally l e s s  than 

20 f e e t  th ick but i n  a few places are  much a s  60 f e e t  thick.  Most of 

them are  probably of Quaternary age but some may be of Ter t iary age. 

~evon ian (? )  rocks 

The oldest  rocks known i n  t h i s  p a r t  of northwestern Alaska a re  , 

th ick ly  bedded interbedded sandstone and mudatone of an unnamed uni t  

of probable Devonian age. These rocks are  exposed northwest of the 

mapped area along the lower reaches of the  Kukpuk River and a h r i g  the sea 

c l i f f s  from north of Point Hope t o  Cape Dyer (figs. 1 and 3) .  Although they do 

not  crop out within the mapped area, they underlie it a t  shallow depth 

a s  indicated on the  s t ruc ture  section (p l .  1 ) .  

The sandstone i s  chief ly  medium dek-g ray  very f ine-  t o  fine-grained 

fe ldspathic  graywacke with variable amounts of c a l c i t e  cement. The chief 

minerals a re  quartz, plagioclase, K-feldspar (microcline?), and musco- 

v i t e .  The ?mica, generally f ine  grained, occurs a s  coarse grains  i n  some 

beds. Calci te  cement i s  abundant i n  many beds but v i r t u a l l y  absent i n  

some. Rock fragments are  commonly presemt, but not abundant. mnor 

amounts of carbonaceous(?) material  and authigenic pyr i te  a re  dissemin- 

ated i n  the rock. Preliminary X-ray examinations suggest t h a t  ch lor i te  

and i l l i t e  predominate i n  the  clay f ract ion.  Cross-cutting veins of cal-  

c i t e  or  quartz or both a r e  l oca l ly  abundant. 

The mudstone var ies  from medium l i g h t  gray t o  black, apparently 

depending on the amount of contained ~arbonaceous material .  Preliminary 

X-ray examinations suggest t h a t  the mudstones a r e  chief ly  i l l i t e ,  chlor i te ,  



and quartz in widely ranging proportions, generally with minor amounts 

of plagioclase . 
The contact relationsnips of the ~evonian(?) unit with the over- 

lying unnamed unit of Mississippian age are unknown. The contact is 

obscured by surficial deposits in the areas visited by Ehe writer and 

George W. Moore of the Geological Survey. Collier (1906, p. 18) reports 

that in two localities near Cape Dyer the contact is conformable. Collier 

(1906, p. 16-17) estimates a minimum of 1,000 feet and suggests as much 

as 2,000 feet for the thickness of the exposed strata, with an additional 

unknown thickness not exposed. The base of the Devonian(?) unit is not 

exposed in this part of Alaska. 

Mississippian rocks 

Three units of Mississippian age are shown on the accompanying 

geologic map (pl. 1). An unnamed mudstone-sandstone unit probably 

at least 2,000 feet thick is the oldest unit exposed within the mapped 

area. It is overlain by limestone and dolomite of the Lisburne group, 

of which two subdivisions are shown on plate 1. The three units appear 

to represent continuous marine deposition from Early to Late Mississippian 

time . 
Sandstone-mudstone unit, unnamed.--The unnamed sandstone-mudstone 

unit of Early Mississippian age (Dutro, J. T., Jr., Sable, E. G., and 

Bowsher, A, L., written communication, 1958) has been described in a 

previous report (campbell, 1960a, pl. 3) from exposures near the coast. 

During the summer of 1960, extensive exposures were found along several 

stream cuts in the nortnwestern part of the map area. The rocks in those 



outorops are chiefly medium-gray to mediq! dark-gray silty mudstone, 

generally thin bedded and locally shaly, with a few zones of fossilifer- 

ous mudstone containing casts of brachiopods and crinoid columna'ls, as 

well as a few beds of silty limestone containing silicified horn corals 

and crinoid columnals. Rocks of the s8me unit exposed near the coast 

contain quartz sandstone interbeds and carbcmized plant fragments which 

were not fbund in the inland stream cuts. This suggests that W P  urlit MS 

includes a much thicker section of marine mudstone than was seen in 

exposures along the coast in ,1959. I 

Lisburne group.--Rocks of the Lisbme group of Mississippian age 

overlie the sandstone-mudstone unit conformably at a gradational con- 

tact. Tne Lisburne group is about 5,700 feet thick and consists chiefly 

of limestone and dolomite beds, in p w t  ctrerty, with variable but minor 

amounts of interbedded black silty shale. The Lisburne has been described 

in previous reports (campbell, 1960a, pl. 3, and Campbell, 1960b), in 

which five recognizable subdivisions were described. On the accompanying 

small scale geologic map (~1. l), these have been grouped into two major 

subdivisions, lower and upper. In a few areas the two units occur to- 

gether in complexly faulted relationships and are lumped together as 

undifferentiated Lisburne group rocks on plate 1. 

The lower part of the Lisburne group consists predominantly of dark- 

gray bioclastic limestone with some interbedded shale. This unit in- 

cludes units MI1, M12, and M13 of the previous reports. The lower Lisburne 

is about 2,000 feet thick and is overlain conformably by the upper Lis- 

burne at a gradational contact. 



The upper p a r t  of t h e  Lisburne group i s  characterized by th ick-  

bedded l igh t -g ray  dolomite. This u n i t  includes u n i t s  M I 4  and M 1  of 5 

e a r l i e r  r e p o r t s .  It t o t a l s  about 3,700 f e e t  i n  thickness.  The con- 

t a c t  w i t h  t h e  overlying Siksikpuk formation i s  obscured by f a u l t i n g  i n  

a r e a s  where t h e  rocks a r e  wel l  exposed; however, t h e  r e l a t i o n s  appear 

conformable. 

Permian and T r i a s s i c  rocks 

Greenish-gray a r g i l l i t e  and cher t ,  and black shale  of t h e  Siksik-  

puk formation of Permian age a r e  over la in ,  apparent ly  conformably, by 

black shale,  gray and brown cher t ,  and brown f o s s i l i f e r o u s  limestone of 

the  Shublik formation of T r i a s s i c  age. The Siksikpuk i s  about 400 f e e t  

t h i c k  and t h e  Shublik i s  about 200 f e e t  t h i c k .  The two t h i n  u n i t s  a r e  

l o c a l l y  folded and faul ted ,  i n  p laces  together  w i t h  as much a s  a few 

hundred f e e t  of beds of t h e  lower p a r t  of t h e  overlying mudstone- 

sandstone u n i t  of ~ u r a s s i c ( ?  ) and Cretaceous ( ? )  age. The r e s u l t i n g  map 

p a t t e r n  i s  complex and these  u n i t s  have been grouped together on p l a t e  1 

t o  b e t t e r  i l l u s t r a t e  t h e i r  genera l  d i s t r i b u t i o n .  The contact  of the  

Shublik formation w i t h  t h e  overlying mudstone-sandstone u n i t  i s  appar- 

e n t l y  conformable, but  nea r ly  everywhere it i s  obscured by f a u l t i n g  and 

shearing of t h e  basa l  mudstone of t h e  overlying u n i t  KJl .  



~urassic(?) and cretaceous(?) rocks 

Rocks of probable Jurassic and Early Cretaceous age include two 

lithologic units: a lower unit, KJ in which mudstone predominates with 
1' 

minor amounts of interbedded sandstone; and an upper unit, KJ2, in which 

sandstone and mudstone are interbedded in nearly equal amounts. Unit 

KJl is estimated to be about 5,000 feet thick. In earlier reports this 

unit was tentatively assigned to the ~iglukpuk(?) formation (~achadoorian 

and others, 1958), p. 19; Campbell, 1960a, pls. 2 and 3). Although it 

may be, in part, correlative with the Tiglukpuk formation (patton, 1956) 

of the Central Arctic Foothills physgographiu: province of northern 

Alaska, the lack of faunal evidence for the geologic age and the gradational 

character of its upper contact suggest that unit KJl, which does have local 

significance, is not entirely equivalent to the iglukpuk and should be r 
given a local name. Unit KJ2 is also estimated to be about 5,000 feet 

thick. It overlies unit KJ1 with apparent conformity and the contact 

is probably gradational. The sandstone and mudstone beds of both units 

have similar lithologies and the subdivision is made on the basis of the 

relative abundance of interbedded sandetone. Tne sandetone is chiefly 

subfeldsgathic lithic graywacke, and the mudstone has virtually the same 

composition as the silt and clay metrix material of the graywacke. No 

diagnostic fossils have been found in units KJ and KJ which have a 
1 2 

total thickness of about 10,000 feet. Although the map distribution 

pattern does not indicate regional discordance and the lithologies 

are generally similar the contact relations with the overlying beds of 

Early Cretaceous age are obscured by complex folding and high-angle 

faulting. 



Lower Cretaceous rocks 

An unnamed un i t ,  composed c h i e f l y  of massive t o  t h i n l y  laminated 

medium dark-gray t o  dark-gray mudstone o v e r l i e s  u n i t  K J  A zone 2' 

containing r e l a t i v e l y  abundant interbedded graywacke i s  prominent a t  

t h e  base of t h e  u n i t .  A t  s eve ra l  l o c a l i t i e s  f o s s i l s  of Early Cretaceous 

age, including Aucella c r a s s i c o l i s  (D. L. Jones, o r a l  communication, 

1960) were found i n  t h e  mudstone and graywacke. The t o t a l  th ickness  

of the  u n i t  could not  be accura te ly  determined because of complex s t r u c -  

t u r e ,  absence of marker-horizons, and poor exposures; bu t  a t  l e a s t  5,000 

f e e t  of s t r a t a  a r e  represented and poss ib ly  a s  much a s  15,000 f e e t  a r e  

present .  Sandstone beds a r e  r a r e  except near  the  base, and t h e  upper 

p a r t  of the  u n i t  contains only a few discontinuous zones i n  which t h i c k  

sandstone beds occur. The contac t  r e l a t i o n s  with t h e  overlying mudstone- 

sandstone u n i t  a r e  not  c e r t a i n l y  known. 

cretaceous ( ? ) rocks 

The youngest rocks exposed i n  t h e  map a r e a  a r e  those of  the  un- 

named mudstone-sandstone u n i t  i n  t h e  e a s t e r n  p a r t  of t h e  map area.  The 

u n i t  i s  composed c h i e f l y  of t h i n l y  laminated t o  medium-bedded dark gray 

s i l t y  mudstone, commonly s l i g h t l y  micaceous, with va r i ab le  amounts of 

interbedded t h i n -  t o  thick-bedded fe ldspa th ic  graywacke. The mudstone 

is  brownish gray t o  medium dark gray and is  commonly charac ter ized  by 

minute, discontinuous, uneven, i n t e r n a l  laminae of dark-gray mudstone. 

The top of t h e  u n i t  i s  not  exposed i n  t h e  map a r e a  and t h e  t o t a l  th ickness  

i s  not  known bu t  probably exceeds 1,000 f e e t .  No f o s s i l s  were found 



i n  these  rocks, bu t  t h e  s t r a t i g r e p h l c  p o s i t i o n  i n d i c a t e s  they a r e  Ear ly  

Cretaceous o r  younger i n  age. 

S t ruc tu re  

The map area of p l a t e  1 lies on t h e  w e s t  flank of a s t r u c t u r a l  

zrough, which i s  expressed by t h e  map p a t t e r n  of o lde r  rocks on tk 

west and success ively  yqunger rocks on t h e  e a s t .  This s t r a t i g r a p h i c  

succession i n d i c a t e s  t h a t  a g rea te r  th ickness  of sediments e x i s t s  

above t h e  basement on t h e  east than on t h e  west s i d e  of  t h e  map area. 

This i n t e r p r e t a t i o n  i s  cons i s t en t  wlth g r a v i t y  d a t a  obtained by R. V. 

Allen o r  t h e  Geological Survey fram t r a v e r s e s  along and p a r a l l e l  t o  

t h e  coas t  l i n e  (see t h e  chapter on g r a v i t y  by Barnes and Allen, 

p. 80). 

The geologic s t r u c t u r e  of the  western h a l f  of  t h e  map a r e a  i s  

dominated by north-trending imbricate t h r u s t  f a u l t s ,  on each of  

which t h e  upper p l a t e  has been t h r u s t  eastward. I n  the  e a s t e r n  ha l f  

of t h e  area, t h e  s t r u c t u r e s  are predominantly northeast- trending 

f o l d s  and high-angle f a u l t s .  The s t r u c t n r e s  of both areas appear t o  

be r e l a t e d  t o  t h e  same set of deforming s t r e s s e s  and were apparently 

formed contemporaneously. The di f ference  m e e n  t h e  s t r u c t u r e s  of  

the  two areas probably r e f l e c t s  the  d i f ference  i n  response t o  t h e  

stresses by rocks of d i f f e r e n t  competence r a t h e r  than d i f fe rences  i n  

t i m e  o r  o r i e n t a t i o n  of t h e  defoming s t r e s s e s .  The ccanpetent rocks 

of  t h e  Lisburne group broke along f a u l t  p lanes  and moved eastward a s  

t h r u s t  sheets .  The l e s s  competent mudstone and sandstone of t h e  

J u r a s s i c  and Cretaceous u n i t s  were ins tead i n t r i c a t e l y  crumpled, and 

t h e  s t r a l n  was taken up by high-amplitude fo lding and many discon- 



tiquous small f a u l t s  along bedding planes m d  axial planes of folds. 

The atruoture section on p la te  1 indicates a t o t a l  net s l i p  of s l ight ly  

more than 5 milee Co the east due t o  the th rus t  faulting. Thie i s  believed 

t o  be a minimum value, and the t rue  displacement may w e l l  have been more 

t h m  twice as great.  Indirect evidence suggests a chronological order i n  

which successively younger t h m a t  sheets moved eastward over older thrust  

sheets.; L9nrlplaces lobes of younger eheete completely overlap older sheets. 

The oldest thrus t  sheet i s  the p l a t s  above the Angnarok thrust  fault. Fol- 

lawing movement on the An-ok thrmat, pa r t  of a t  l e a s t  one lobe of the 

Angmarok thrust  sheet was drogged down along a high-angle fau l t .  The next 

break occurred along the Baleekvik thrus t  fault, and i t s  qpper p l a t e  wae 

thrus t  eastwaxd over the hga&rok thrmet plate.  The Saleekvik thruet  

plate i n  turn w8e overridden i n  p h e r  by the Agate Rock thruet  which wss 

nearly contemporaneoue with the overlying Eebrulikgorruk thruet fault. The 

Ahviknuk thrus t  fault appear6 t o  have been related t o  all of the previously 

mentioned faults, and renewed movbmsnt occurred along i t s  plane during each 

of the thruet movements, High-angle fau l te  cut the rocks of each thrus t  

sheet and high-angle faul t ing was  aseociated with each pulse of thrusting 

becauee many of the faults cut the rocks of lower pl8tes  but  do not cut the 

overlying thruet  planes. 

The incompetent mudstone and earidstone of the Jwass i c  and Cretaceous 

section t o  the eas t  of the thrust  sheets were dragged beneath the basal 

t h rus t  gldne and strongly caagreesed ae the th rus t  eheets of competent Lis- 

burne rocke moved eastward. They yielded to thier caqpression not by major 

t h r u s t  faults but by intense folding accwrpanied by displacement along 

hutidreds of small discontinuoue fault8 thst followed bedding planes and 

I axial pLanee of folds. 



Basal rocks of unit KJ are included in the upper plate above the 
1 

Saleekvik thrust (included in areas labeled 7 )  P for purposes of and stxuo- 

ture section {pl. 1). No regional discoxdance has been found between units 

KJ1 and KJ nor hae any regional discordance been established between any of 
2 

the younger Mesozoic sedimentary rocks within the map area. The major de- 

formation, therefore, ie probably younger than Early Cretaceous. In addi- 

tion, the complex erosionel history of the axes suggests the deformation was 

no younger thn middle Tertimy. It seems reasonable, therefore, to con- 

clude that this deformation occurred in Late Cretaceous or early Tertiary 

time and was associated with the Laramide revolution. 

The earliest Lamui.de deformation resulted in the development of a 

north- to northeast-trending syncline east of the ruap area, with an axis 

near Cape Seppings, and contemporaneous developme~lt of an associated high- 

land to the west of the map area, possibly crestirg in the vicinity of Point 

' Hope. The western flank of the trough included the area of plate 1. 

The faulting and folding of the sedimentary rocks may be interpreted 

as resulting from gravitetional gliding of the thrust sheets down the east 

or northeast-dipping baeement slope--the weetern limb of the eyncline--along 

a major bedding plane fault at the baee of' the Lieburne grow or in the 

upper pwt of the underlying b W t ,  ahe following etructural hietory i e  re- 

constructed bn the baeie of the gravitational gliding hypothseie (de 

Sitter, 1954). 

As the trough deepened, the @set-dipping slope steepened to a critical 

angle and a bedding plane fault developetd at the baee of the Lisburne group, 

at within the incompetent mudstone Just below the base of the Liaburne. This 

fault broke across the Lisburvla beds alorq a north-trend-, nearly flat 

plane ness the present west flank of the valley of Ogotoruk Creek. The 



rocks above t h i s  f a u l t - - t h e  Angmorak-Ahviknuk t h r u s t  f au l t - - then  moved e a s t -  

ward over the  younger rocks u n t i l  f u r t h e r  movement was prevented by the  

r e s i s t a n c e  of t h e  Mesozoic s t r a t a  as they were folded afid p i l e d  up i n  f r o n t  

of t h e  Lisburne rocks.  :Concurrently, g e n t l e  fo ld ing took place  i n  t h e  upper 

p l a t e ,  and drag t i l t e d  t h e  beds below t h e  f a u l t  v e r t i c a l l y  and l o c a l l y  over- 

turned them. ~ u r a s s i c ( 7 )  and Oretaceous rocks i n  t h e  lower block tended t o  

s l i d e  down the  slope qn top  of t h e  Lfsburne rocks under the  added load of 

t h e  upper plake, causing high-angle f a u l t i n g  i n  the  rocks below the  upper 

p l a t e .  These f a u l t s  broke through t h e  upper p l a t e  and l o c a l l y  dropped t h e  

e a s t e r n  extens ion of some lobes  down on t h e  e a s t  s ide .  

When f u r t h e r  movement on the  Angmorak t h r u s t  w a s  prevented, a new break 

occurred, the  Saleekvik t h r u s t ,  and t h e  sheet  of competent limestone ( o r  

most of i t )  was ab le  t o  continue moving downslope along the  Ahviknuk- 

Saleekvik f a u l t  p lane  u n t i l  f u r t h e r  movement was again  a r r e s t e d  by t h e  

crumpled mass of strata p i l e d  up ahead of it. Continued downslope movement 

of upper p l a t e  rocks t o  the  west, now bu t t r e s sed  by the  immobilized upper 

p l a t e  rocks of the  e a s t e r n  f ron t ,  r e s u l t e d  i n  g e n t l e  sync l ina l  fo ld ing  of  

t h e  upper p l a t e  with an a x i s  near the  western s i d e  of the  exposwe of the  

upper p l a t e  of t h e  Saleekvik t h r u s t .  

When the  upper p l a t e  became immobile a t  t h e  west f l ank  of t h i s  syn- 

c l ine ,  a new break occurred, t h e  Eebrulikgorruk t h r u s t  f a u l t .  Movement 

then took place  along t h e  Eebrulikgorruk-Ahviknuk t h r u s t  plane u n t i l  t h e  

upper p l a t e  w a s  again  immobilized by EX crumpled mass of incompetent strata 

at  i t s  f r o n t  t o  the  e a s t .  The &&te Rock t h r u s t  f a u l t  i s  apparent ly  t h e  

lower boundary f a u l t  of a t h i c k  f a u l t  zone l o c a l l y  developed below the  

Eebrulikgorruk t h r u s t  f a u l t .  



The east-trending high-angle f a u l t s  i n  the sheet above the Saleekvik 

f a u l t  were probably formed before t h a t  sheet was overridden by the Eebrulik- 

gorruk thrus t .  The high-angle f a u l t s  t h a t  cu t  the  Ahviknuk th rus t  f a u l t  are  

probably associated with downslqpe movement of rocks of tne  western p a r t  of 

the upper p l a t e  of the Eebrulikgorruk-Ahviknuk th rus t .  The north-trending 

f a u l t  may represent a tendency t o  synclinal  downbending caused by continued 

downslope movement of the western p a r t  of the upper p l a t e  as  further eas te r ly  

movement of the  eastern p a r t  of the p l a t e  w a s  res i s ted .  Those t h a t  trend 

eas t e r ly  a re  probably t e a r  fau l t s ,  and since they cut the north-trending 

f au l t ,  may have occurred a f t e r  the upper p l a t e  rocks on the e a s t  were 

immobilized. 

Subsequent erosion of the western highland and l a t e r  subsidence below 

present sea l e v e l  may have been associated with minor gentle folding of the 

th rus t  surfaces. 
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C W A L  S E D ~ T I O I P  rm NaRTHwEsTnaJ ALASKA 

by 

George W. Moore and David W. BchoU 

Introduction 

Wo~k on oorstal  prooerser i n  comection with the Chqriot Project i n  

northwestern Alaska was focuaed on two principle objectives during 1960: 

(1) t o  establ ish a physical background for  ecological studies being con- 

ducted i n  the Atomic Energy Comlarion program by other invsetigators; and 

(2) t o  charac$&iee the rmtural mOVment of sediment as an a i d  i n  evaluating 

the success end eafety of the propored nuclear t e s t  i n  the area. 

Field work wae a c t i M  from E(.y Q t o  September 3, 1960. Much of the work 

was directed toward defining conditione of coar ta l  marine sedimentation i n  

a r c t i c  enviromnsnta. The phybicaS. chamcterietioe of the  ewironmunts were 

recurded bath for the ice-f'r8e eurmmbr period and for the interval  when sea 

ice  daoninatee the lan8scape. New infortlstion m e  alm obtained on past  fluc- 

tuatione af  sea level, on the aource an& r a b  of transportation of beach 

msterial, and on obonical procsasee ocaurring within the sedimcrnts fol lar ing 

t h e i r  depaeition, 

Norbert W. Lamen aeriated in  the f ie ld  work during the f i r s t  g a r t  of 

the  season and Reuben Kachsdoorim part ic ipate4 i n  the work a t  many times 

during the course of the invsetigcrtion. Don CI Foote, Atomio Energy Commis- 

sion contraotor, helped obtain rimultanaoue obsemrstions of e w f  character- 

i s t i c e  wer a brocrd area of northweetern Alaeh; Donald Lr Willaon, U, 8, 

Weather Bureau, measwed wind veloaitimr at ur a l t i t u d e  of 1,000 meters; 

and Hans-morg Bandi, Berm Historical h seum,  asmrnged for  dating of 



samples by the  radiocarbon method. 

Sedimentary environments 

Coastal sedimentation i n  northwestern Alaska occurs ch ie f ly  i n  three  

environments: on beaches, i n  lagoons behind ba r r i e r  beaches, and i n  off- 

shore areas.  I n  addit ion,  deposition of f l u v i a t i l e  sediments takes place 

within cer ta in  lagoons a t  t h e  mouths of creeks and r i ve r s .  

Beaches 

Ogotoruk Beach a t  t he  Chariot t e s t  s i t e  i s  a pebble-gravel beach cgn- 

s i s t i n g  of very well  sorted material .  A composite sample was col lected from 

a bulldozer cut  about 2.5 meters deep across t he  beach. The modal diameter 
.. 

of the grains  i s  5.9 mill imeters (fig. 4). The beach sediment i s  composed of 

53 percent chert ,  38 percent sandstone and mudstone, 7 percent limestgne, 

and 2 percent vein  quartz. Tbese materials  a r e  derived from formations 

which crop out i n  nearby sea  c l i f f s ;  exot ic  rock types a re  a l so  present 

but only i n  amounts equal t o  a small f r ac t i on  of a percent of the t o t a l  

grains .  The poorly r e s i s t a n t  sandstone and mudstone, derived from adja- 

cent outcrops of rocks of Jurass ic  and Cretaceous age, undergo rapid a t t r i -  

t i o n  i n  the  surf  zone, and a few tens of kilometers away from t h e i r  source 

areas  they cons t i tu te  only a minor p a r t  of the  beach material .  The other 

components are  more r e s i s t an t ,  but the s ignif icance of t h e i r  r e l a t i v e  

abundance on d i f f e r en t  beaches i n  the  a rea  i s  p a r t l y  obscured by sor t ing  

processes which systematically cause a c ~ m u l a t i o n  of ce r ta in  materials  

on d i f f e r en t  p a r t s  of the  beaches because of differences i n  spec i f ic  grav- 

i t y ,  shape, and gra in  s ize .  Lithologic di f ferences  i n  beach-gravel 
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Figure 4.--Grain size end grain lfthology 

of material on Ogotoruk Beach 



seaaples taken consis tent ly  Wom the c r e s t  of the lowest berm along the 

coast from Point Hope t o  Cape Krusenstern suggest, however, t h a t  the 

r e l a t i v e  percent of l-stone is  slowly reduced by a t t r i t i o n  and solu- 

t i o n  during i t s  alongshore t ransport  ( ~ o o r e  and Cole, 1960). No Fimestgne 

grains smaller than about a millimeter i n  diameter e x i s t  on the beach ( f ig .  4), 

and they probably have been destroyed by solution.  

The material  on the beaches, although already well sorted, i s  sorted 

s t i l l  fur ther  by processes operating during any s e t  of surf  conditions. 

These processes cause the formation of prominent bedding which i s  ex- 

pressed by t h i n  sand layers  interbedded with the gravel. A b u l l d ~ z e r  cut 

made i n  May while the  sea was s t i l l  frozen i l l u s t r a t e s  the charac te r i s t ic  

bedding of the beaches ( f i g .  5).  The beds on the f ront  face of the beach 

dip about 7' toward the sea, p a r a l l e l  with the face of the beach. Higher 

on the beach, the beds dip approximately 25' toward the land. These steep 

landward dips a re  formed when material  i s  washed over the top of a berm 

during reconstruction following storm removal. On pa r t s  of the coast l ine  

where a bar r ie r  beach f ron t s  a coastal  lagoon, the  landward dips w e  

p a r a l l e l  t o  the  slope t h a t  faces toward the lagoon. 

Despite the coarse grain  s ize  of the sediment composing these besches, 

l i t t l e  sea water i s  present i n  the ; ibkerstices o r  the sediment. Water 

within the beach gravel i s  largely fret&, consist ing of perched m e t ~ o r i c  
A 

water augrnenGd by a f lux of f resh  water which drains from the nearby 

tundra. 





Lagoons 

Lagoons fronted by b y r i e r  beaches i n  northwestern Alaska are  la rges t  

i n  areas where the land surface i s  a plane sloping gently toward the sea. 

They are  absent i n  areas where the coastal  region i s  characterized by 

steep slopes, Prof i les  through the lagoons and adjacent offshore and land 

areas suggest t ha t  the &goons Beere pa r t ly  formed by the construction of 

bar r ie r  beaches following a r i s e  of sea l e v e l  t o  i t s  present position. 

Steep scsrps on the landward shores of sane lagoons a l so  indicate tha t  some 

enlargement has been effected by thawing of tundra behind the lagoons. 

Piston-core samples taken f'rom the f loors  of the lagoons indicate tha t  

very l i t t l e  sedimentation has occurred i n  lagoons which do not contain the 

mouths of r ivers .  M&psorrak Lagoon ( l a t  6e002' N,; long 165O22' W . )  was 

studied i n  d e t a i l  ( f ig .  6). Coarse eedlment related t o  the bar r ie r  beach 

extendrs only a short  distance in to  the Lsgoon, Typical cores from Map- 

sorraJr Lagoon contain about 10  centimeters of olive-gray sandy mud over- 

lying dark-gray clay, It i e  thought tha t  the -or layer  of sandy mud 

repreesnte the Lagoon degoeit and t ha t  the lower clay remains from a 

c o U w i a l  a o i l  which mantled the w e 6  before the last major r i s e  of sea 

l e v e l  about 5,000 yeare ago, 

The lagoon water hag a pH of about 7.4, and the lagoon sediment i s  

somewhat acidic with a pH of amroximstely 6.3, Reducing conditionrs e x i s t  

with reapact t o  su l fa te  ion st the baee of the eection of recent sediments, 

Currant8 i n  hpsor rak  Lae~oon are almost w-holly related t o  l o c a l  wind 

conditions. Shudles u s i w  cwrent  drogues indiaate tha t  the legoon cur- 

ren ts  a re  pa ra l l e l  with the wind and have a velocity equal t o  about 2 per- 

cent of the wind velocity. Few ausf'aca eddiee develop, and the pr incipal  
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circulat ion seems t o  be the  overturn of water on the leeward side accom- 

panied by re turn  along the f loor  of the lagoon, 

Off shore 

Sediments i n  the area offshore from Ogotoruk Beach have been described 

i n  an e a r l i e r  report  (8choll and Sainsbury, 1959). In  the nearshore area, 

the sediment related t o  the modern beach grades downward from gravel to  a 

th in  wedge of fine-grained sand a t  a depth of about 5 meters, Studies of 

sedimnt  thickneee i n  the Chukchi Sea made during 1960 by sonoprobe methods 

 avid G, Moore, U. 8, Navy Electronics Laboratory, o r a l  cormnunicetion) indi- 

cater that  the thickness of Recent sediments on the f loor  of the sea ranges 

from 0 t o  5 meters, This euggests tha t  eedimnt(lt1on i s  extremely slow on 

the f loor  of the Chukchi Bea and tha t  the recent marine deposits probably 

' were a i d  down during the transgressive phaee of the sea, following the 

low etsn8 of sea l e v e l  which existed during the Wieconsin g lac ia l  stage. 

Coaetal processes 

The pr incipal  difference between coastal  processes i n  a r c t i c  regions 

and thoee i n  other pa r t s  of the world i s  the long period when the pro- 

cesses are arrested by the presence of pack ice,  Bmakyg generally com- 

mences ear ly  i n  Jdy,  and the surf a c t i v i t y  which followa usuaiUy l ae t a  

four monthe, ending fo r  the yaw i n  October. 



Effec t  of sea  i c e  

Although t h e  presence of a t h i c k  l a y e r  of sea i c e  adjacent  t o  a r c t i c  

beaches might be expected t o  a f f e c t  s t rong ly  the  sediments on the  beaches, 

e s p e c i a l l y  during t h e  breakup period,  t h i s  was shown not  t o  be t r u e  during 

1960. A s p e c i a l  e f f o r t  was made t o  observe t h e  processes occurring during 

t h e  spring breakup, and t h e  pack i c e  was found t o  have su rp r i s ing ly  l i t t l e  

e f f e c t  on t h e  beaches. The i c e   attain^ a th ickness  of more than 1 . 5  meters 

i n  t h i s  a rea ,  and it f reezes  f a s t  t o  t h e  sea  f l o o r  t o  a d i s t ance  of about 

1 0  meters from the  shore. Shearing then occurs between t h e  f a s t  i c e  and 

the  f l o a t i n g  i c e .  During breakup the  she l f  OF f a s t  I ce  along t h e  shore 

tetlds t o  p r o t e c t  the  beach from poss ib le  d is turbance  by the  i c e  f l o e s .  

Where the  pack i c e  i s  moved s t rong ly  toward the  land by cur ren t s  and wind 

ac t ion ,  it overr ides  t h e  p ro tec t ive  b e l t  of f a s t  i c e  bu t  only ~ a r e l y  i m -  

pinges aga ins t  t h e  beach mate r i a l  i t s e l f .  A e r i a l  reconnaissance ind ica tes  

t h a t  not  more than 1 percent  of t h e  beach In  t h i s  p a r t  of northwestern 

Alaska was d i e t u b e d  by t h e  movement of pack i c e  during the  1960 breakup. 

Role of the  kaimoo 

The kaimoo i s  a phenomenon p e c u l i a r  t o  a r c t i c  regions which has an i m -  

p o r t a n t  e f f e c t  on c o a s t a l  processes.  It i s  an i c e  and gravel  rampart b u i l t  

on the  surface  of a r c t i c  beaches and i s  ex tens ive ly  used by Eskimos a s  a 

smooth, f l a t  s l e d  t r a i l  (D.  C. Foote, w r i t t e n  communication, 1960). I n  October, 

when a i r  temperatures f a l l  below f reezing,  the  surface  of  the  beach f reezes  be- 

f o r e  i c e  begins t o  form on the  sea.  A p o r t i o n  of each wave which runs up on 

t h e  beach f r e e z e s  the re ,  leaving a t h i n  l a y e r  of i c e .  Gradually a .bed of i ce  

a s  much a s  a meter and a ha l f  th i ck ,  commonly containing t h i n  beds of beach 



gravel, i s  b u i l t  on top of the beach. The upper surface ultimately becomes 

nearly flat, and subsequent wave action can take place only against the 

resTs€ant outer face of the kaimoo. The building of the kaimoo l a t e  i n  Octo- 

b8c;ordinarily marks the end of effect ive wave action on the beach. Occqc . 

s ionl ly  a heavy fall storm may undermine the kaimoo and disrupt it, but $he 

development of the kaimoo i s  soon followed by the formation of sea ice  which 

def in i te ly  terminates surf a a t i v i t y  for  the year. 

maward and landward movement of beach material 

Two directions of movement of material  take glace on beaches, move- 

ment normal t o  the shoreline and m~vement along the ehore, By far the more 

imgortant i n  terms of the emount of material  transported i s  tha t  movement 

which takes place toward the sea and then back w i n  toward the land under 

changing surf conditions. During a single stormt millions of tons of mater- 

ial a re  transported i n  t h i s  way. Under very strong surf conditions, the 

beach material  may be almost en t i r e ly  removed and deposited as a b w  near 

the breaking point of the waves. On August 9, 1960, Ogotoruk Beach was 

lowered nearly a meter by waves 1.4 Deters high, but the high surf unfortu- 

nately prevented study of the shape of the offshore bar which was probably 

formed. If an offshore bas had been formed, it was destroyed during the 

waning phases of t h i s  storm, and the mster ial  was Largely restored t o  the 

beach. Figure 7 i l l u s t r a t e s  different p ro f i l e s  of Ogotoruk Beach during 

c a l l  and moaerate surf conditione, when it wae poeeible t o  work offshore. 

I n  epi te  of the lmge v o L m  of sediment handJ.ed during onshore and 

offshore trsneport  of beach material, movement i n  the two directions ordin- 

a r i l y  bslances, and the gosi t ion of the shorelineJ themfore, is  not 

permanently a t e r e d  by t h i e  type of motion. 
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Alongshore transport  

The movement of beach material p a r a l l e l  with the shore i s  especially 

important i n  studying coastal  processes because such d r i f t  can cause perm- 

anent changes i n  the configuration of the coastl ine.  Wave at tack a t  an angle 

is  the pr incipal  cause of the alongshore transport  a s  longehore water cur- 

xents pa ra l l e l  with the shore a re  too weak t o  cause movement of material of 

the coarse grain s i ze  character is t ic  of beaches h northwestern Alaska. Surf 

character is t ics  fo r  the 1960 surf year a re  given i n  table  3. The r a t e  of 

alongsh e movement of beach material is  chief ly dependent upon the wave d 
height and the surf angle--the angle between the wave c res t  and the beach. 

The r a t e  of movement during a given s e t  of surf conditions i s  shown by the 

following re l a t ion  i n  which the empirical constants f o r  beaches i n  north- 

western Alaska were evaluated by plane-table magping of the growth of a s p i t  

across the out le t  of a lagoon; the out le t  was suddenly opened f o l l m i ~  a 

heavy r a i n  and then sluwly closed by growth of the s p i t  (MOOR and Cole, 

1960) : 

Q = 2350 hea5 sing COB$ 

where 

Q I alongshore transport  i n  cubic meters per day 

h = wave height i n  meters 

9 .I surf angle i n  degrees 

Alongshore transport  lCowsrd the west and taward the e a s t  a r e  a h o a t  

exactly balanced a t  Ogotoruk Beaah, and even a compilation of da i ly  trans- 

por t  fo r  the en t i r e  yew i s  not necesearilx indicative of average net 

transgort  for  the area. During 1960 the to t& net slongehore transport  fo r  

the surf year W 8 8  ne,wly 30,000 cubic meters t o  the west  ( table  3). But 
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Table 3--*f c a t e r i s t i c s  at a o t o ~ a  h c h ,  h b ,  1960 

w2 water 
Longshore 

Y8ve km W a v e  (centimeters current Median U o n g f i ~ e e  tmmsppctY 
hei"t le- (d-s; erature second; d h e t e r  main 1/ ( ~ b k  =*S; direction) 

-ction) ( u i m e t e r ~ )  ~aily cumulative 
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!kble 3,--Surf characteristics at C&otoruk Besch, Alaska, 1960 - contbued 
- - - -- 

Loog&= 

S"f2 
water elarcent &dim ~loog~hare t r a n d  

Wave Wave Wave aagld imp- ( a ~ r t i ~ e ~ s  &rain (cubic meters; direction) 
kre;ht prioci length (de&reesj eratam per second3 d i - t d  

hd (mtera) (seeonas) (meters) m c t i o n )  (O c.) metion) ( m t e r s )  Dsily Cumulative 



Tsble 3.-Surf characteristics at Ogotorutr. Beach, Alaska, 1960 - continued 
Longshau~e 

W a t e r  current Medim 
Wave Wave W ~ w e  

Along*- d 
"J (cubic meters; m c t i o n )  

hef.ght period length (degrees; e ~ ~ t u r e  pw second; dime 
n d  (m) (seeanas) (meters) m c t i o n )  (O c.) airrctiom) ( a ~ ~ ~ n e t e r s )  Dsily Cumulative 

September 
1 Q.0 Z - - 9 0 11.5 0 2006 Eo 
2 0-1 6, o Z F  5 E- 8 10.E. 10oO 1 Eo 

0.0 - 3 -.L - - m F.0 
3 6 E, o 
4 0*2 4.5 Z 5 E* - 0 - 4 Eo 201l E* 

2007 E. 

5 0.0 I 0 0 - 0 Y 0 201l E, - 6 0-3 2-5 L. 5 w* - 14 Wo ?-- . 10 W o  2001 Eo 
7 0- 3 4.5 - 0 u 5 E* -. 0 2001 E, 
8 0-5 3-3 - 10 W, - 21 W- - n w. 1930 Eo 
9 0-2 4.0 c1 0 - 0 - 0 1930 Em 
10 0.0 - - -LI - 0 9 0 1930 Eo 
11 0-0 Y c - - 0 - 0 1930 Ee 
l2 0.0 - - -a 6 9 Em - 0 1930 Em 
13 0-2 - z rU 6 o - o 1930 Eo 
L4 O*3 4.0 - 30 E- B 3 E- - 50 E. 1980 R e  
15 a 9  4.5 - 20 W e  7 15 W e  3 !m n o  1402 E, 
16 ~6 5-0 - 45 & 6 38 E- - 9 6  E o  1728 E o  
17 0.2 LO CI o 4 5 Eo -I o 1728 E. 
18 %4 400 - 20 21, 4 30 n. - a o  w0 is8 E. 
19 0.6 3-9 - 30 Wu B 3 w- - - 282 we 1236 E, 
20 a0 u - rr 3 O Ic - 0  1236 Em 
21 o m 0  - 3 - 3 o II - o 1236 E. 
22 0.0 3 - -.I 2 0 Y 0 - -* - 1236 E, 
23 0.0 2 o -- o 1236 E, 
24 O m 0  rC a m 2 ' O - O 1236 Eo 
25 1-2 5-0 I a0 W e  3 a n* -1 1186 W, 50 E* 
26 1*5 4.0 U 10 W o  B 36 n o  n 1105 no 1055 We 
27 0.6 4.0 - 45 Eo 4 43 Ee n 9 6  E o  
28 oe3 4k6 - 10 n, 5 3 Wo g 20 we 

729 w e  

1.8 - 749 w. 
29 4.0 30 W, 4 37 W o  'I 4417 Wo 5166 We 
30 0, 9 1.0 - 20 w. 4 15 w. '1 $78 w. 5744 We 



ZkUe 3,nRIFf c ~ t e r i r r t i c s  at Ogotoruk Beech, Alaska, 1960 - continued 

- -- 

Longshore 
Water current &dim Alongshore t r a n s p o d  

Wave Wave Wave temp- (centimeters (cubic meters; direction) 
height period length (degrees; erature per second; 

kt& (meters) ( s e c a )  (meters) birection) (O c.) direction) (mil lheters  ) D a i l y  Curm;llat ive 

October 
1 0-9 2-3 -. 2O W. 4 5 W* .I 578 W* 6322 w0 
2 1.2 4-0 -. 20 W, 4 23 W, -... 1186 w. 

U 

7508 w* 
3 1-8 4.2 10 W, 4 30 W. - 1748 W. - - 9256 w* 
4 0.0 0- 4 0 -... 0 9256 w* 
5 O*O -.L1 - N 3 0 U 0 

0 - .-I 

9256 w* 
6 0-0 2 o go o 

N - -- 9256 w* 
7 0-0 1 0 0- 0 

u 

9256 w- 
8 '3-3 3-6 2O We 1 2 . W .  -- 531 W. 9293 W* 
9 0-0 0 -0 I) 2 0 -0 0 9293 w* 

10 Cbo .I U s- 1 0 -0 0 9293 w* 
1l 0.0 - I I 1 0 U 0 9293 w* 
I2 000 3- -- - I 0 -.I 0 9293 w* 
13 0-0 L- L -0 0 0 I) 0 9293 w* 
14 0.9 4-0 I 20 We O 10 W e  I 578 W- 98-71 W- 
15 1.8 3-6 - 30 W e  I 30 W* 3 4417 W, 14288 W. 
16 1-0 - -. 20 W, -I -- - 755 w* 15043 We u 
l? 2-0 -I u 15 Wo -- - -- 3340 W* 18383 W* 

00 

'3-3 .u 
- 25 Ee 0- -- -.-. 44 E* 18339 W* 

19 2-0 - U 25 We - -- -- 5094 W= 23433 W* 
20 2.0 - e- 25 We 3 -?- -- C 5094 w- 28527 w, 
22 0.1 - - 0 - -- - 0 28527 We 

Sea water -zing on the beaeh as a kahmo ended effective surf ac t iv i ty  October 21, 1960, 

Data collected erch day a t  7:30 p.m. 
The BlnP angle is  the acute angle between the vrve crest and the  beech^ the direction is the a p p r d t e  

mqmas direction tanrrd which the angle is  open, 
Sediment -1es were eallceted f!mxu the midpoint of the be l t  alternately covered and uncovered by the 

verve swash* 
k/ Alongshore trmapmt of beach sediment was calculated using the relation given i n  the text- 

Sedkrent -1e has biaodll size distribution: pebbles apprmrimately 5 cm i n  diameter enclosed i n  a 
0-2 mm sand nmfzdx, 



s tud ies  of t h e  d i s t r i b u t i o n  of o lder  beach deposi ts  a t  Cape Krusenstern sug- 

g e s t  t h a t  t h e  ne t  alongshore t d P s p o r t  f o r  about the  pas t  400 years has been 

toward the  e a s t .  Analysis of the  d i s t r i b u t i o n  of beach deposi ts  a t  Cape 

Krusenstern ind ica tes  t h a t  p r i o r  t o  t h i s  period net  movement t o  both the 

e a s t  and t h e  west has  occurred a t  various t imes during t h e  p a s t  5,000 

years.  

Simultaneous observations of surf  c h a r a c t e r i s t i c s  over a broad area  

a r e  a valuable way of evaluating the  c o a s t a l  processes operat ing i n  an 

a rea .  Figure 8 gives  the  most important surf  c h a r a c t e r i s t i c s  during south- 

e a s t  and northwest winds a t  severa l  l o c a l i t i e s  along approximately 200 

kilometers of coas t l ine .  The reg iona l  p a t t e r n  of d i f fe rences  i n  t h e  along- 

shore t r anspor t  a r e  shown by t h e  diagrams. Because of t h e  l o c a l  e f f e c t  

of the  topography on the  wind, wind v e l o c i t i e s  and d i rec t ions  a r e  given a t  

an a l t i t u d e  of 1,000 meters a s  measured a t  the  Chariot t e s t  s i t e .  Wind a t  

t h i s  a l t i t u d e  may be p a r a l l e l  with t h e  wind which generates waves a t  sea, 

and t h e  v a l i d i t y  of t h i s  supposit ion i s  supported by the  compatible surf  

c h a r a c t e r i s t i c s .  

Figure 8 shows t h a t  during southeas t  winds, deposit ion occurs a t  

Point  Hope and probably a l s o  occurs a t  Cape Krusenstern. During north- 

west winds eros ion occurs a t  Point  Hope and deposi t ion  occurs a t  Cape 

Krusenstern. Flexures of t h e  c o a s t l i n e  between these  two p o i n t s  a r e  not 

s u f f i c i e n t  t o  cause permanent deposi t ion  by alongshore t r anspor t  regard- 

l e s s  of t h e  wind d i rec t ion .  A l l  t h e  intermediate beaches such a s  t h a t  

f ron t ing  t h e  Chariot s i t e  may be sa id  t o  be i n  a s teady-s ta te  condit ion 

i n  which ne i the r  s i g n i f i c a n t  permanent eros ion nor permanent deposit ion 

occurs. 
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Shoreline h i s t o ry  

The s teady-s ta te  beaches such a s  Ogotoruk Beach a re  nyt  useful  f o r  

in te rpre t ing  t he  pa s t  h i s to ry  of t he  a rea  because t h e  record of pa s t  events 

a r e  p i l ed  one on top of another i n  a complex fashion. A t  Point  Hope and 

Cape Krusenstern, however, a unique and valuable record has been preserved. 

The e a r l i e s t  wel l  preserved beaches i n  northwestern Alaska a r e  those of 

Sangamon age ranging from 100,000 t o  63,000 years old ( ~ o s h o l t  and others, 

i n  p ress ) .  Two beaches of Sangamon age a r e  represented a t  Point  Hope and 

a r e  separated by a period i n  which sea  l e v e l  stood below i t s  present  posi- 

t i on .  Al t i tude of the  beach gravel  ranges between 3 and 12 meters above 

sea  l eve l ,  and sea  l e v e l  stood about 8 meters above i t s  present pos i t ion  

during Sangamon time ( f i g  . 9, upper 'map ) . 
A co l lec t ion  of f o s s i l s  from the  beach of Sangamon age near Cape 

Krusenstern a t  l a t  67'17' N., long 163'49' W.,  supports the  Sangamon age 

assignment. The following forms were i den t i f i ed  and interpreted by F. 

Stearns MacNeil, U. S. Geological Survey: 

Gas tropoda: 

Natica janthostoma Deshayes 

Neptunea sp. 

Pelecypoda: 

Serr ipes  ~r oenland i cus 

Spisula  cf. S. voyi ( ~ a b b )  - 
Protothaca adamsi ( ~ e e v e  ) 

Te l l i na  ( ~ e r o n i d i a )  l u t e a  Gray 

Macoma cf.  - M. ca lcarea  Gmelin 
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Figure 9.--Siioreliae history of the Cepe Th(rapson area 



* According to MacNeil, the most significant specimen in the assemblage 

is the Protothsca _adamsi. It is the only species in the collection which 

seems to have invaded the arctic only once, during Bangamon time, and to 

have abandoned it oosng1eteJ.y. This species now lives from central to north- 

ern Japan. Its present confinement to this more southern latitude does not 

*cessarily indicate that the cllm8te was warmer in northwestern Alaska 
2- 

&ring Sangamon time than at preeent but indicates only that this species 

has not migrated back into the arctic wain since the last rise of sea 

level. The general aspect of the fossil aseemblage suggests that climatic 

conditions during 8angamon time were approximately comparable to those at 

present. 

Dating by the radiocarbon rolethod Me been ueea to provide a minimum 

age for the beach gravel of Bangamon age. A eample of peat which is younger 

than the gravel and overlies it at ~t 67'12' N, , long 163'4kt w., was U- 

yzed in the radiocarbon laboratory of the Berne Hietoricsl Museum, Switzer- 

land. The age of the peat ie 26,000.g 400 mare old, which is ccrplgatible 

with the Sangamon age aoeignmsnt of the underlying grrvelo 

FoUowing the high etana of sea level duriag gatlgamon the, the sea 

retmated fran the Chukchi Sea to maintain the earth4e water balance during 

Wieconein t h e  when continental glrciers were widemrard, During this per- 

iod the Chukohi 8ea m e  a broad, tundra-covered plain (fig. 9). The abeence 

of the ameliordrting ~ m 8 8 n C e  Of the see probably iPZpoeed colder winters and 

warmsr rammrr on the ewea. With the waning of the oontinental glaciers, 

however, re8 l e w l  rose w i n  an8 reaohed approximately itr gresent poeition 

about 5,000 yew8 ago, 



Following the establishment of the present coastal regimen in the area, 

extensive deposits of beach ridges have been formed at Point Hope and Cape 

Krusenstern. The steady-state beaches along the remainder of the coastline 

have served as paths for the movement of beach material from its source areas 

to these points of deposition. The beach deposits at Point Hope and Cape 

Krusenstern provide a record of the fluctuations of sea level which have 

occurred during the past few thousand years (~oore, 1960). The evidence 

from the ridges indicates that sea level rose about 3 meters durim the 

past 5,000 years and that the rise may have been characterized by minor 
I 

fluctuations with amplitudes of 1 to 2 meters. The highest stand of sea 

level since the Wisconsin glacial stage was attained in the 19th century. 
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INTERIM REPORT ON GEOTHERMAL STUDIES, 

OGOTORUK VALLEY, NORTHWEST A W K A  

by 

Arthur H. Lachenbruch, Gordon W. Greene and B. Vaugh Mtwshalll 

In&roduction 

During the  summer of 1960 two additional holes were d r i l l e d  t o  a s s i s t  i n  

the geothermal s tudies  of lower Ogotoruk Creek valley. Temperatures measured 

i n  these holes w i l l  provide additional data, and, as  predicted, the i n i t i a l  

data are more re l iab le  because damage t o  the csibles by caving of the holes has beel 

prevenked by ins t a l l a t ion  of casing. Both holes pass below the 0°C isotherm,. 

the bottom of permafrost as presently defined (Muller, 1945). Figure 2 shows 

the locations of a l l  t e s t  holes. 

Temperatures were measured by U.S.G.S. personnel during the summer, and 

by M r .  W i l l i a m  Lyons, the Holmes and Narver, h c .  representative a t  Chariot, 

since then. Although it is  possible from these few data t o  predict  the 

equilibrium (or predr i l l ing)  temperatures, fur ther  analysis is  required t o  

separate the thermal anomalies resulting from changes i n  shoreline location, 

climatic change and the presence of the lagoon. A t  t h i s  time it appears that  

the new data w i l l  provide the information needed f o r  a more comprehensive 

quantitative treatment of the problems outlined qual i ta t ive ly  in the previous 

reports (~achenbruch and Greene, 1960, and Lachenbruch, 1960). 

Hole Dog, located approximately 1,300 yards from the ocean, was d r i l l e d  t o  

a depth of 1,202 f e e t .  Two U.S.G.S. thermistor cables with a t o t a l  of 41 

temperature-sensing elements were ins ta l led  i n  t h i s  hole on August 9, 1960. 

Hole Charlie, d r i l l ed  a t  a point approximately 100 yards from the ocean, 

was bottomed a t  a depth of 1,002 fee t .  Three thermistor cables, two made by 
C 

the U.S.G.S. and one by SIPRE, were placed i n  Hole Charlie on September 2, 1960. 
r 



By p r io r  agreement only data obtained from the  U.S.G.S. cables a re  used in 

t h i s  report .  

Equilibrium temperatures and d iss ipa t ion  of the 

d r i l l i n g  disturbance 

The equipment and d r i l l i n g  techniques used by SIPRE resul ted i n  a 

d r i l l i n g  disturbance many times l e s s  than would be obtained by using more 

conventional methods. With a smaller disturbance it is  possible t o  make 

r e l i a b l e  predictions of t he  equilibrium temperatures a t  various depths using 

a shorter period of observation. 

The method of obtaining equilibrium temperatures i n  a d r i l l  hole is  

described i n  d e t a i l  elsewhere (Lachenbmch and Brewer, 1959). Briefly,  a 

t-s p lo t  of successive temperature measurements a t  a s ing le  depth vs. log 

should y i e ld  a s t r a igh t  l i ne .  Here t i s  the time elapsed since the dri l l  b i t  

first reached the depth i n  question, and s i s  the duration of d r i l l i ng  a t  a 

par t icu la r  depth. Extrapolation of t h i s  l i n e  t o  i n f i n i t e  time (5 I) 
t 

yields  the equilibrium temperature. 

Figure 10 i l l u s t r a t e s  the  changes i n  the pos tdr i l l ing  temperature a t  a 

depth of approximately 300 f e e t  i n  each of the  four  holes. The thermal 

anomaly produced by d r i l l i n g  is  shown t o  be considerhbly l e s s  i n  Holes 

Charlie and Dog than i n  Holes Able and Baker. It i s  also apparent tha t  Holes 

Charlie and Dog are  c loser  t o  t h e i r  equilibrium temperatures a t  present than 

are Holes Able and Baker, despi te  the f a c t  t h a t  Able and Baker were d r i l l e d  a 

year e a r l i e r .  

The temperatures a t  a depth of 300 f e e t  i n  Hole Charlie are  increasing 

s l i g h t l y  as  equilibrium is  approached. This condition prevai ls  a t  depths 

greater  than 200 f e e t  i n  Hole Charlie and 900 f e e t  i n  Hole Dog. A t  these 
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F i g u r e  1 0 .  D i e s i p a t i o n  o f  t h e  thermal  anomal i e s  due t o  

d r i l l i n g  a t  approx imate ly  t h e  3 0 0 - f o o t  dep ths  i n  each  h o l e  



depths a I1negativel1 anomaly was created by the re f r igera ted  d r i l l i ng  f l u i d  

being colder than the ambient subsurface temperatures. 

The complicating e f f e c t  of l a t en t  heat i n  the  aqueous d r i l l i n g  f l u i d  

and wal l  rock i s  i l l u s t r a t e d  by the curvature i n  the  logarithmic cooling 

curve for  Hole Able. As t becomes large with respect t o  s, the e f f ec t  of 

l a t e n t  heat becomes negligible and the method of l i nea r  extrapolation may be 

used. 

Estimated equilibrium temperatures i n  the four holes are  shown by the 

so l id  l i n e s  i n  f igure  4. Permafrost thicknesses a t  Holes Able and Baker have 

been suggested by downward extrapolation of the p ro f i l e  from 600 f e e t  i n  

Hole Able and a t  465 f e e t  i n  Hole Baker. These extrapolations are highly 

uncertain, and the broken l i n e s  cannot be compared f o r  r e l i a b i l i t y  with the 

so l id  ones which a re  drawn from ac tua l  temperature measurements. The extra- 

polation a t  Hole Baker i s  controlled la rge ly  by r e s u l t s  of a carefu l  study 

of a p a r t i a l l y  damaged thermistor a t  the  1,015-foot depth. 

Seasonal temperature changes a t  the surface are propagated downward with 

attenuated amplitude, and prevent the establishment of an equilibrium gradient 

near the surface. The depth to  which seasonal changes may be detected dqends 

upon the amplitude of the temperature change from summer to  winter, the  

physical properties (conductivity, specFfic heat,  and densi ty)  of the rock, 

and the s e n s i t i v i t y  of the  measuring in$truments. Thermal measurements a t  

depths of l e s s  than 65 f e e t  a t  Ogotoruk Creek can be expected t o  show the 

e f fec t s  of seasonal temperature changes a t  the  surface.  

Frequent observations ( a t  l e a s t  weekly between depths of 5 and 90 f e e t )  

over a period of a year may be averaged t o  give the mean annual temperatures 

a t  the  various depths. A geothermal p ro f i l e  of mean annual temperatures can 

then be used t o  extend the equilibrium geothermal p ro f i l e  closer t o  the 
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surface. But because of differences i n  the mean surface temperatures from - 

one year t o  the  next, var ia t ions  w i l l  be found i n  the mean annual subsurface 

temperatures from year t o  year.  A temperature change a t  the  surface i s  

propagated in to  the ear th  a t  a r a t e  dependent upon the  physical properties of 

the rock. Thus, temperatures a t  depths of 30 and 60 f e e t  depend respectively 

upon the  surface conditions 6 and 12 months p r io r  t o  the observation. There- 

fore ,  temperatures a t  d i f f e r e n t  depths i n  a mean annual temperature p ro f i l e  

r e f l e c t  conditions of d i f fe ren t  one-year periods. Nevertheless, the method 

i s  very useful and the t h e r m i s t ~ r s  a t  depths of 100 f e e t  or l e s s  i n  Holes 

Charlie and Dog a re  being read weekly t o  obtajn t h i s  information. 

Re cent cl imatic change 

Curvature i n  the upper 500 f e e t  of the geothermal p ro f i l e  of Hole Dog 

shows tha t  temperatures a t  depth are  not i n  equilibrium with the present 

thermal regime a t  the surface. This curvature i s  similar t o ,  but more pro- 

nounced than, tha t  noted e a r l i e r  i n    ole' Baker. A systematic c l imat ic  change 

which has increased the mean temperature of the ground surface seems t o  be 

responsible fo r  the  curvature of the prof i les  . 
When t h e  undisturbed p ro f i l e  below 500 f e e t  a t  Hole Dog i s  extrapolated 

t o  the surface, a mean ground surface temperature, of s l i g h t l y  under -7°C i s  

indicated before the  s t a r t  of the climatic change. The best  recent infor-  

mation from Hole Baker y ie lds  a s imilar ,  though much l e s s  r e l i ab l e ,  value. 

The present mean ground surface temperature based on continuation of p ro f i l e s  

t o  the surface i s  about -5.8"C a t  Hole Baker and -5 .l°C a t  Hole Dog (the mean 

annual a i r  temperature a t  the surface can be expected t o  be roughly 2" or  3°C 

lower). Thus present data suggest a t o t a l  increase in  mean surface temper- 

a ture  of about 2°C a t  Hole Dog and about 1.3OC a t  Hole Baker. As pointed out 



2 elsewhere (~achenbruch, 1960) t h i s  does not necessar i ly  inply t h a t  the  mean 

annual a i r  temperature has increased, a s  subt le  changes i n  other climatic 

parameters could account f o r  the trend. Although t h i s  change i n  mean ground- 

surface temperature  might not, i n  i t s e l f ,  be important t o  l oca l  biological  

systems, it i s  not unl ikely t h a t  it was acc~mpanied by marked changes i n  

other more biological ly  s ign i f ican t  parameters, such as amplitude of 

seasonal temperature var ia t ion  or quanti ty of winter snow or  summer ra in .  

The mean ground-surface temperature just  happens t o  be the  quanti ty access- 

i b l e  t o  a geothermal analysis.  

An approximation of ihe length of time since the s t a r t  of the climatic 

change, and the r a t e  a t  which it has occurred, may be made by calcf ia t ing the 

values of A @ / B  and x/2* f o r  various depths i n  each hole. Here A @  i s  the 

t o t a l  change i n  ear th  temperature a t  a par t icu la r  depth, x, B i s  t h e  t o t a l  

change of the mean ground-surface temperature, a i s  the thermal d i f fus iv i ty ,  

and t i s  the time since the s t a r t  of climatic change. For each depth a single 

value of AB/B and several  values of x 1 2 G  a r e  obtained. These points are 

f i t t e d  t o  theore t ica l  curves of AB/B vs x/2* t h a t  are  calculated using 

various assumptions as  t o  the  nature of the cl imat ic  change. A s tep  increase 

i n  mean ground-surface temperature, a l i nea r  increase, and an increase pro- 

por t ional  t o  the  square roo t  of t have been investigated.  A l l  assumptions 

agree t h a t  the climatic change s t a r t ed  between 50 and 120 years ago, but the 

r a t e  a t  which the change has occurred i s  not c l ea r  ae yet .  The change i s  

2 roughly equivalent t o  a net  gain by the ear th  of about 50 cal/cm / yr over 

the past  six or e igh t  decades. 

2 In calculating x / 2 m  an average Value f o r  a of 0.01 cm / sec was 

used. It i s  l i k e l y  t ha t  thermal d i f fu s iv l ty  i n  Hole Dog is  greater  than a t  

Hole Baker, as indicated by the f a c t  t h a t  the  e f fec ta  of cl imatic warming a t  . 



t he  surface have p e n e t r a t e d t o  g rea te r  depths a t  Hole Dog. The difference i n  

thermal d i f fu s iv i t i e s  must be considered i n  a re f ined  so lu t ion  of t h e  

c l imat ic  change problem. 

Comments on surface microenvironment 

The difference i n  mean ground-surface temperature over the  half mile or  

so between Hole Dog and Hole Baker seems t o  be r e a l ,  although the exact  

value of the difference,  0.7"C, might be adjusted s l i g h t l y  a f t e r  f u r t h e r  

analysis .  It i s  l e s s  cer ta in ,  bu t  highly suggestive, t ha t  the  mean ground- 

surface temperatures a t  t he  two s i t e s  were no t  d i f f e r en t  p r i o r  t o  t h e  cl imatic 

change. Thus it seems l i k e l y  t h a t  whatever microenvironmental d i f ference i s  

responsible fo r  t he  present d i spar i ty  between t he  surface temperatures a t  

Hole Baker and Hole Dog probably evolved during the  l a s t  century, and might 

well be i n  the  process of change today. A s  an example, t he  surface i n  the  

v i c i n i t y  of Hole Dog has high microrelief  with Eriophorum tussocks i n t e r -  

spersed with bare mineral s o i l .  A t  Hole Baker t he  microrelief  is l e s s  extreme 

and the  vegeta l  mat more continuous. If the  rough surface a t  Hole Dog t raps  

more d r i f t i n g  snow, t h i s  could account f o r  t h e  di f ference (~achenbruch,  1959, 

p. 28-30). The ex i s t ing  data  could then be i n t e rp re t ed  a s  an indicat ion t h a t  

t he  extreme microrelief developed recen t ly  near Hole Dog, perhaps a s  a r e s u l t  

of the  c l imat ic  change. Several other possible causes can be mentioned, but 

the  i den t i f i c a t i on  of t h e  most l i k e l y  fac tors  is  bes t  l e f t  t o  the biological  

students of the  microenvironment. 

Measurements of thermal conduct ivi tz  

The d r i l l i n g  techniques used by SIPRE made it possible t o  recover core 

samples i n  t h e i r  na tura l  s t a t e .  These frozen cores have been transported 
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and s to red  i n  re f r igera ted  chests  so t h a t  measurements of t h e i r  physical  

proper t ies  w i l l  be as  r e l i a b l e  as possible.  Thermal conductivity t e s t s  of 

the specimens have been delayed awaiting the  de l ivery  of an e lec t ron ic  recorder 

espec ia l ly  designed f o r  t h e  work. 

Thermal conductivity measurements on a thawed core sample from Hole 

Baker yielded values averaging about 5.a x 10'~ cal/cm sec "C. When the  

sample was frozen and contained a l l  of i t s  na tura lmois tu re ,  it i s  l i k e l y  

t h a t  i t s  conductivity was s l i g h t l y  greater .  

During September 1960 several  i n  place determinations of thermal conduc- 

t i v i t y  were made i n  outcrops of t h e  Tiglukpuk formation using the  probe des- 

cribed by Lachenbruch (1957 ) . 
Thawed mudstones gave surpr i s ing ly  uniform r e s u l t s  (5.13, 5.16, and 5.18 

cal/cm sec 'c).  An i n  place t e s t  on thawed mudstone faul t -breccia  containing 

5.5 percent moisture gave a value of 3.27 cal/cm 'C sec. These values are 

useful  f o r  computing s u r f i c i a l  thermal e f f e c t s  and w i l l  provide an in te res t ing  

comparison with data  obtained i n  the  laboratory from frozen core samples. 

Earth he a t  flow 

The flow of hea t  from the  ea r th ' s  i n t e r i o r  i s  given by the product of 

the  geothermal gradient  a t  depth and thermal conductivity. In measurirlg the  

t empera the  gradient ,  however, the complicating e f f e c t  of hor izontal  temperature 

gradients  produced by nearby topographic r e l i e f  o r  bodies of water must be 

considered. 

A preliminary examination of t e r r a i n  and ocean corrections required a t  

Holes Baker and Dog shows them t o  be very small ,  Below 500 f e e t  t h e  uncorrected 

geothermal gradient  i n  Hole Dog i s  18.8'~/km, while a t  the  same depths i n  

Hole Baker only a rough estimate of 20' t o  2l0c/km i s  possible.  These values 



d i f f e r  by approxj.mately 10 percent and could ind ica te  differences i n  thermal 

conductivity i n  t he  two holes. 

A preliminary calcula t ion based on these geothermal gradients and the  

thermal conductivity values from Baker core y i e ld s  a na tu r a l  ea r th  heat  flow 

i n  t he  neighborhood of lod cal/cn? sec. This is  close t o  the  worldwide 

average, o r  flnormaln' heat flo~r Although t h i s  amounts t o  only 30 or  40 

cal/cm2 yr (enough t o  melt 3 cm of i c e )  it i s  a quan t i ty  of fundamental import- 

ance i n  t heo re t i c a l  geophysics. No sa t i s f ac to ry  determinations have been made 

i n  t he  e n t i r e  North American Arctic. Contrary t o  the  present r e s u l t ,  it has 

been suggested (Misener, 1955) t h a t  heat  f low i n  the  Arctic i s  anomalously 

large.  

Thermal e f f ec t s  of the ocean and lagoon 

I n  the  prevlous repor t  it was shown t h a t  temperatures i n  Hole Baker can 
\ 

be mater ia l ly  a f fec ted  by t he  ocean only Ff t h e  ocean has been a t  o r  near i t s  

present locat ion f o r  longer than 10,000 years. Temperatures i n  Hole Dog, which 

i s  located a g r ea t e r  distance inland, can be considered t o  be unaffected by the  

presence of the  ocean. Therefore, it is possible  t o  separate the  thermal 

anomaly produced by t h e  ocean a t  Hole Charlie by subtract ing temperatures a t  

given depths i n  Holes Baker and Dog from the  temperatures a t  the same depths 

i n  Hole Charlie ( so l i d  l i ne s ,  f igure  12). ,.. Only t he  upper p a r t  of t he  p ro f i l e  

f o r  Baker i s  represented because r e l i a b l e  data  a re  lacking a t  depth. 

The broken l i n e s  in figure l.2 represent t heo re t i c a l  values of w h a t  t h i s  

difference between Hole Charlie and the inland holes would be had t h e  shore- 

l i n e  moved rapidly  t o  its present  pos i t ion  a t  var ious  times in the  past ,  They 
2 are based upon an assumed therma31 dfifaElfrfty o f  0.01 cm /set, a mean 

annual ground-surface temperature, p r i o r  to t h e  recent clfmat ic  cbrtnqs af 



-7.1°C, and a mean sea-bottom temperature of +0.9"C. The l a t t e r  i s  based on 

sea-bottom temperatures off  Cape Prince of Wales, kindly supplied by 

Gene L. Bloom, U. S. Navy Electronics Laboratory (wri t ten  communication, 1960). 

The mean bottom temperature determined by M. C .  Brewer off Barrow i s  about 

-0.5.C (wr i t t en  c o w o n ,  1958). 

Figure 12 shows c l ea r ly  t h a t  the  ea r th  i s  not i n  thermal equilibrium 

with the  present shoreline,  f o r  Ff it were, t he  s o l i d  l i n e s  would coincide 

with the  broken l i n e  marked t + ~ .  The simple model depicted suggests t h a t  the 

be s t  descr ipt ion of t he  process i n  terms of a s i ng l e  rapid  transgression would 

be t h a t  it occurred some 2,000 t o  5,000 years ago. (Lf fu r the r  analysis  

indicates  t h a t  t he  transgression was gradual, t he  date of i t s  i n i t i a t i o n  

would be e a r l i e r ) .  The s o l i d  curves diverge i n  t h e  upper 300 f e e t ,  and which 

one is  appropriate t o  t h e  present analysis  depends on whether the  s u r f i c i a l  

regime a t  Hole Charlie i s  more l i k e  t h a t  a t  Hole Baker o r  Hole Dog. It i s  

hoped t h a t  t h i s  question w i l l  be resolved i n  t h e  more comprehensive treatment 

of t he  e n t i r e  problem which is  now i n  progress. 

A care fu l  examination and comparison of the  equilibrium p ro f i l e s  of 

Holes Able and Charlie should show the  thermal anomaly produced i n  Hole Able 

by the lagoon, and might give an idea of the  age of t h e  lagoon. In such a 

study the average depth and configuration of t h e  lagoon should be known, f o r  

should the  lagoon f reeze completely each winter, t he  thermal disturbance 

would be considerably l e s s  than if it d id  not. If su f f i c i en t  data  are  

available,  the  problem w i l l  be invest igated t o  provide addi t ional  information 

concerning the  shoreline h i s to ry  of the  area. 

Dis t r ibut ion of permafrost 

Thickness of permafrost i n  lower Ogotoruk Creek va l ley  var ies  from 
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approximately 1,170 f e e t  a t  Hole Ddg t o  approximately 945 f e e t  a t  Holes Able 

and Charlie near t h e  shore. In general,  f o r  points  inland permafrost thickness 

can be expected t o  be close t o  the  value found a t  Dog. 

Permafrost thickness a t  Holes Able and Charlie i s  about 300 f e e t  g rea te r  

than would be expected had the  shoreline remained i n  i t s  present locat ion f o r  

10,000 years o r  more. It i s  c l ea r  t h a t  permafrost s t i l l  ex i s t s  a t  depth 

beneath the  margin of t h i s  port ion of t he  Chukchi Sea. 

The permafrost thickness i s  out of equilibrium with the  present climate 

as wel l  a s  with t he  present shoreline posi t ion.  If the  ex i s t ing  climate 

obtained indef in i te ly ,  permafrost thickness a t  Hole Dog would ul t imately  

decrease about 350 f e e t .  

Active l ayer  andshallow permafrost s tud ies  

As previously noted, provisions have been made t o  obtain temperatures 

between depths of 5 and 90 f e e t  a t  Holes Charlie and Dog by weekly thermistor 

readings, From these  observations the  mean annual temperatures w i l l  be ca l -  

culated so t h a t  e f f ec t s  of concurrent cl imatic change and recent changes i n  

vegetation cover can be studied.  

Thermographs i n s t a l l e d  a t  Holes Charlie end Dog a re  providing continuous 

temperature measurements i n  the a i r  4 f e e t  above t h e  ground, a t  the  ground 

surface,  and a t  t h e  base of the  act ive  l ayer .  The present surface tempera- 

t u r e s  and microclimatic du fe r ences  between t he  two holes w i l l  be measured by 

these  instruments. 

The f i r s t  thermograph records showed t h a t  the  ac t ive  l ayer  was refrozen 

by the first week of November. 
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PRE;LIMINARY RESULTS OF GRAVITY MEASUREMENTS B E W E N  

KOTZEBUE 0 POINT HOPE, ALASKA 

by 

David F. Barnes and Rex V, Allen 

In t roduct ion 

Other than 3 days of l o g i s t i c  support,  no g r a v i t y  f i e l d  work w a s  

financed by t h e  Atomic Energy Commission a t  t h e  Chariot t e s t  s i t e  f o r  

1960. However, t h e  Geological Survey began a reconnaissance g r a v i t y  sur- 

vey of northern Alaska during t h e  month of July,  and a s  p a r t  of t h i s  survey, 

R. V. Allen spent th ree  days at  the  Chariot  s i t e  and one a t  Kotzebue. H i s  

work V a s  planned t o  show whether t h e  s t r u c t u r e s  being studied by t h e  geolo- 

g i s t s  were associa ted  with g r a v i t y  anomalies which might a id  i n  t h e i r  

i n t e r p r e t a t i o n .  Using plane, boat,  and weasel t r anspor ta t ion  he obtained 

over 60 s t a t i o n s ,  most of which were located  along t h e  coas t l ine  between 

Kotzebue and Point  Hope. The r e e u l t s  of t h i s  survey have influenced the  

i n t e r p r e t a t i o n  of some geologic fea tu res  and may a l s o  be valuable f o r  

i n t e r p r e t i n g  seismic d a t a  from fu tu re  b l a s t s .  However, the  g r a v i t y  da ta  

a r e  very l imited,  and only a prel iminary summary i s  poss ib le  i n  t h i s  repor t .  

Since the  major geologic s t r u c t u r e s  near Cape Thompson s t r i k e  northeast ,  

o r  near ly  perpendicular  t o  t h e  coast ,  the  main g r a v i t y  p r o f i l e  w a s  run 

p a r a l l e l  t o  t h e  coas t l ine .  The s t a t i o n  spacing var ied  from 3 mile t o  10 

miles,  depending on proximity t o  Ogotoruk Creek and on a v a i l a b i l i t y  of f l o a t -  

plane landing s i t e s .  A few s t a t i o n s  were a l s o  made a t  inland p o i n t s  which 

could be reached by weasel o r  f loa t -p lane .  

Gravity measurements were made with a por tab le  World-Wide meter having 

- 
A a scale-constant  of 0.242 m i l l i g a l s  p e r  sca le  d iv is ion.  D r i f t  con t ro l  was 



maintained by returning t o  base s tg t ions  a t  i n t e rva l s  of not more than 7 

hours. Observed gravi ty  values WeEe established by t i e s  t o  University of 

Wisconsin s t a t i ons  (Thiel  and others, 1958) a t  Kotzebue, Point Barrow, and 

Kivalina. A l l  observed grav i t ies  ~ h o u l d  be accurate t o  within +0.4 mgal. - 
Most s ta t ions  were close enough t o  the  coast t o  use sea l eve l  f o r  elevation 

control, but the elevations of in9md s t a t i ons  were obtained by single-base 

alt imetry.  Simple Bouguer anomalies were computed by using a density of 

2.67. No t e r r a in  corrections have been applied, but they were computed through 

zone L  wick, 1942) f o r  a few s ta t ions .  Most were l e s s  than 0.3 mgal and 

none exceeded 1.5 ngals. 

Results 

Figure 13 i s  a map and adjoining graph showing both the locations and 

simple Bouguer anomalies of the s ta t ions  located along the coast l ine .  The 

locations and grav i ty  values of a few in t e r io r  s t a t i a n s  and the location of a 

de ta i led  (half -mile s t a t i o n  inteyvdl) p ro f i l e  a re  also shown. The gravi ty  data 

show a broad, uneven low with double minimums near Cape Segp$rhgs and Kivalina. 

The anomaly appears t o  have a t o t a l  magnitude of about 30 mgals. However, the  

prof i le  was not made along a s t r a i ah t  l i n e  and a t  l e a s t  some of t h i s  var ia t ion 

may be caused by gravi ty  gradients normal t o  t h e  general  trend of the prof i le .  

No p ro f i l e s  were made normal t o  the  coast l ine  because no gravi ty  

gradients were expected p a r a l l e l  t d  the  geologic s t r i ke .  However, places 

where inland and coast l ine  prof i les  overlap c l ea r ly  show a gradient of about 

1 mgal/mile posi t ive  towards the  Chukchi Sea, In many places the gradient 

p a r a l l e l  t o  the  geologic s t r i k e  is  grea te r  than gradients across maJor f a u l t s  

and folds .  The small gradients associated with the geologic s t ructures  were 

not unexpected because the density contrasts between the  formations cropping 





. 
f out near Ogotoruk Creek are small.  Laboratory measurements of t he  spec i f ic  

g rav i ty  of a dozen hand specimens of various rock types d id  not vary by more 

than 0.17 and averaged about 2.7. The pos i t ive  gradient  towards Kotzebue 

Sound is,  however, somewhat surprising.  Not only i s  it p a r a l l e l  t o  t h e  

s t r i k e  of t h e  geologic s t ruc tu r e  but it suggests t h a t  g rav i ty  values beneath 

t he  Chukchi Sea may be higher than under other  shallow cont inenta l  seas.  The 

gradient  normal t o  the  coas t l ine  must ind ica te  deep geologic s t ruc ture ,  but 

addi t ional  g rav i ty  data  on both land and sea a re  required t o  determine i t s  

s ignif icance . 
The gradient  normal t o  the  coast l ine  reduces but does not el iminate the  

g rav i ty  low indicated by t he  coast l ine  p r o f i l e  near Cape Seppings and 

Kivalina. This low i s  believed t o  be associated with a th ick  accumulation of 

Mesozoic sediments and i s  s imi la r  t o  t h e  g r av i t y  low found fur ther  eastward 

i n  the  area occupied by t he  Colvi l le  geosyncline in Naval Petroleum Reserve 

No. 4. 

Figure a shows a map summarizing most of t h e  g rav i ty  data  now available 

f o r  northern Alaska. The only area with a l a rge  s t a t i o n  densi ty  i s  the  Naval 

Petroleum Reserve (woolson, 1953) where 10 m i l l i g a l  g r av i t y  contours a r e  

shown. Sta t ions  obtained by t he  University of Wisconsin and by the  Geological 

Survey are  shown with c i r c l e s  and with numerals indicat ing simple Bouguer 

anomaly values. The University of Wisconsin s t a t i ons  a r e  indicated as  s o l i d  

c i r c l e s .  No contours can be drawn with the  l imi ted  g r av i t y  data  now ava i l -  

able outside t he  Petroleum Reserve, but t h e  general  form of t he  g rav i ty  f i e l d  

i s  indicated.  

The Colvi l le  geosyncline is associated with a broad i r r egu l a r  g rav i ty  

low of -20 t o  -30 mgals, which i s  separated from the  Brooks Range grav i ty  

low of -70 t o  -90 mgals by one or more g rav i ty  highs t h a t  include values as  





high as  -13 mgals. The general trend of - the  Brooks Range low i s  s l i g h t l y  

south of west so t h a t  it probably does not i n t e r sec t  the  coastl ine between 

Kotzebue and Point Hope. The Colville low i s  probably complex and may 

in t e r sec t  the coast l ine  a t  several  places between Point Barrow and Kotzebue. 

Gravity highs seem t o  be associated with Point Barrow and Point Hope, and 

s u r f i c i a l  geology and seismic data from the Petroleum Reserve (woolson, 

1953) indicate t h a t  these are also areas where Paleozoic basement rocks a re  

a t  or  close to the surface. The gravi ty  values near Cape Seppings and 

Kivalina are  not as low as  those associated with t he  Colvil le low southwest of 

m ~ ~ o y ,  ajlg thla i C - ~ i $ o ~  'mgge;le;te &tBlwel' sed;lmen$ary, 'sectiorl,l on ithe, yestern 

end of the Colvil le geosyncline. However, a quant i ta t ive  estimate of sedi-  

ment thickness i s  not j u s t i f i e d  without more density data.  

The coasLline grav i ty  low i s  broken by a r i s e  of more than 10 mgals 

southeast of Cape Seppings. This r i s e  r e su l t s  from basic int rusives  which 

crop out northeast  of Kivalina, and which are shown by aeromagnetic traverses 

t o  extend westward toward the gravi ty  high. The form of the  gravi ty  high 

suggests a steeper dip f o r  the  northern edge of these intrusives  than f o r  

the  southern edge. 

Gravity gradients on e i t h e r  f lank of the coast l ine  low are  generally 

gentle and do not indicate major marginal f a u l t s  or major increases in 

sediment thickness within a short  distance. A detai led p ro f i l e  across the 

val ley of Ogotoruk Creek and across the  steeply dipping geologic f a u l t s  

and f o l d s  on i ts  northern edge showed no s ign i f ican t  var ia t ion i n  gravity.  

A few observed lows and highs of 1 t o  2 mgals can probably be explained by 

possible errors  i n  alt imetry,  and only one 1.5 mgal low over the Triass ic  

outcrop on the  north side of Ogotoruk val ley (p la te  1 )  correla tes  c lear ly  

with geologic mapping. The gravity data suggest t h a t  t h e  sediment thickness 



- * increases  gradual ly  southeast  of Ogotoruk Creek and t h a t  the  f a u l t s  northwest 

of the  creek displace  a  r e l a t i v e l y  shallow sequence. However, t h e  dens i ty  

con t ras t s  a r e  not la rge ,  and the  g r a v i t y  d a t a  may provide a  poor ind ica t ion  

of geologic s t r u c t u r e .  

Large v a r i a t i o n s  i n  g r a v i t y  were observed along t h e  Noatak River. 

These may be r e l a t e d  e i t h e r  t o  in t rus ive6  o r  t o  pronounced changes i n  sedi-  

ment thickness.  A r e l i a b l e  i n t e r p r e t a t i o n  of t h i s  a r e a  capnot be made 

without a d d i t i o n a l  g r a v i t y  data .  
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~ O ~ - ~  I ~ T I O A T I O N S  I N  SUPPORT OF PROJECT CHARICrr 

pHAsE III--SUIWR 1960 

by 

Roger M. Glaller 

Introduction 

Ground-water investigations for Project Chariot were continued in  

the Cape Thompson area, Alaeka (f ig* 15) during the s u e r  of 1960. 

Brief f i e ld  studies were made to further the knowledge of potential 

ground-water contamination, the ground-water regimen i n  the Ogotoruk 

Creek valley, end the occurrence and source of recharge t o  springs i n  

the general area. The l a t t e r  two studies repreeent investigations of 

shallow aquifers and deep aquifers, respectively, i n  this permafrost 
I 

region. Particular attention is being given t o  sources of potable 

water i n  the vicinity of the Chariot tea t  s i t e  for  use a f te r  the pro- 

posed tee t  shot. 

The shallow aquifers, ae conaidered i n  the ProJect Chariot studies, 

are denoted ~e those water-bearing horizons ixmmdiately beneath and ad- 

jacent t o  stream, which may or may  not contain water throughout the 

year* The greeence of permafrost precludes the occurrence of any appreci- 

able thlcluJess of water-saturated sediments In  the weathered mantle over- 

lying bedrock i n  the areas awrq irm etreams o r  l a re  bodiea of water. 

Hence, i n  this wee, shallow aquifers are aesoaiated w i t h  etrseme only* 

Water from ouch aquifer6 i e  u~usUy expected t o  be lax i n  aieeolred 

I solids, whereas an appreciable amount of dissolved solids i s  indicative 

c 
of water contributed from a deep sguiferr 
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Figure 15.--Map of  Northwestern Alaska showing locations of  

1960 irater-sample co l lec t ion  sites 



Ogotoruk Creek va l l ey  

Observations were continued on t h e  shallow aqu i fe r  ( ~ a c h a d o o r i a n  and 

others ,  1960a, p .  74) i n  t h e  f lood-pla in  depos i t s  of the  lower reach of 

Ogotoruk Creek ( f i g .  15) .  The water t a b l e  i n  the  f lood p l a i n  responds 

rapidly ,  as would be expected, t o  changes i n  t h e  flow of Ogotoruk 
- 

Creek. 

The aqu i fe r  was recharged severa l  t imes by creek water during the  

spr ing and summer of 1960. A "flood" on August 10, 1960, inundated t h e  

f lood p l a i n  and presented an opportunity t o  observe an appreciable r i s e  

i n  the  water t a b l e .  The rap id  r i s e  i n  the  water t a b l e  p a r a l l e l e d  t h e  

rap id  increase  i n  discharge of Ogotoruk Creek. A r i s i n g  water t ab le ,  

concurrent with a r i s i n g  creek stage,  i n d i c a t e s  a high permeabi l i ty  i n  

t h e  f lood-pla in  deposi ts .  It i s  hoped t h a t  some measurements of the  

r a t e  and e x t e n t  of t h e  decl in ing water t a b l e  may be obtained as the  

creek diminishes i n  flow during t h e  winter .  

The th ickness  of t h e  f lood-pla in  depos i t s  has not  been determined. 

Excavations planned f o r  the  spr ing of 1960 were thwarted by an e a r l i e r  

than an t i c ipa ted  spr ing breakup of t h e  cyeek. Such excavations w i l l  

be attempted i n  t h e  e a r l y  winter  of 1960, o r  p r i o r  t o  t h e  1961 break- 

up, t o  determine whether the  shallow aqu i fe r  e x i s t s  t h e  year around. 

Resu l t s  should show t h e  f e a s i b i l i t y  of e s t a b l i s h i n g  a wel l  supply fo r  

t h e  use of Chariot  camp. 

Adjacent v a l l e y s  

Kisimulowk Creek and Kukpuk River ( f i g .  15) a r e  t h e  two streams 

neares t  t o  t h e  Chariot  s i te  having shallow a q u i f e r s  t h a t  can be con- 

€ 



sidered f o r  water  suppl ies .  The Kukpuk River probably maintains a flow 

t h e  year around, whereas Kisimulowk Creek has a regimen s i m i l a r  t o  t h a t  

of Ogotoruk Creek. Observations on Ogotoruk Creek should be appl icable  

t o  Kisimulowk Creek. Ver i f ica t ion of year-round flow i n  t h e  Kukpuk 

River i s  planned fo r  t h e  1960-61 winter .  

Source of recharge 

The shallow aqu i fe r s  i n  t h e  Cape Thompson a r e a  receive  t h e i r  p r in -  

c i p a l  recharge from streamflow r e s u l t i n g  from r a i n f a l l  and snowmelt. I n  

addi t ion ,  some recharge may be derived from spr ings  o r  ground-water 

seepage, feeding d i r e c t l y  i n t o  t h e  aqu i fe r  o r  i n d i r e c t l y  i n t o  the  up- 

stream t r i b u t a r i e s  of t h e  stream. Conseqpently, during t h e  winter  the  

a q u i f e r s  having no ground-water inflow gradual ly  d r a i n  and may become 

dry and completely frozen by l a t e  winter .  

The g r e a t e s t  recharge apparently occurs a t  the  spr ing breakup when 

t h e  melt water pe rco la tes  i n t o  t h e  "dewatered" aqu i fe r s .  The melt water 

thaws t h e  f rozen alluvium and gradual ly  f i l l s  a l l  t h e  pore spaces t h a t  

had drained during t h e  preceding winter .  Subsequent summer p r e c i p i t a t i o n  

increases  t h e  streamflow and again recharges t h e  aqu i fe r s  during t h e  

high-water s t ages .  A t  low-water s t ages  t h e  a q u i f e r s  a r e  a c t u a l l y  d i s -  

charging ground-water flow t o  t h e  stream. Hence, as winter  approaches 

and surface-water recharge diminishes, t h e  a q u i f e r s  gradual ly  a r e  de- 

p le ted  a s  the  water d r a i n s  i n t o  t h e  creek and l a t e r  flows t o  the  sea 

a s  subsurface water. 



Deep a q u i f e r s  

Deep aqu i fe r s  i n  t h i s  study a r e  those  considered t o  occur within 

the  consolidated rock, or  bedrock, of t h e  a r e a  and below o r  wi th in  the  

frozen segment of t h e  rock. I n  the  previous s tud ies  (Kachadoorian and 

others ,  1960a, 1960b), severa l  spr ings  were noted which were thought t o  

ind ica te  deep a q u i f e r s  because of t h e  high mineral  content of the  water 

~ n d  t h e i r  sustained flow through t h e  winter .  The o r i g i n  of t h e  waters 

t h a t  supply these  spr ings  is  of primary concern i n  the  Pro jec t  Chariot 

study of t h e  ground-water regimen. Deep a q u i f e r s  can be widespread and 

may receive  t h e i r  recharge from a reas  many a i l e s  from t h e i r  p o i n t  of 

discharge. Br ief  inves t iga t ions  were made i n  1960 t o  determine possible 

a reas  of recharge t o  t h e  springs.  

Chariot s i t e  v i c i n i t y  

Within t h e  v i c i n i t y  of the  Chariot  t e s t  s i t e ,  evidence of deep 

aqu i fe r s  was suggested by the  chemical a n a l y s i s  (Kachadoorian and 

others ,  1960a, t a b l e  11)  of Nusoaruk Creek ( f i g .  15 )  water. Addit ional  

analyses ( t a b l e  4) of water samples taken from d i f f e r e n t  sources t h i s  year 

f u r t h e r  ind ica te  a ground-water source nearby. Sample No. 19 is  from a 

spr ing flowing a t  the  base of a c l i f f .  The water may have been contam- 

inated  by sea  water; therefore ,  another sample i s  t o  be taken f o r  confirm- 

a t i o n  and c o r r e l a t i o n  with t h a t  of Nusoaruk Creek. A chemical ana lys i s  

(NO. 20, t a b l e  4)  a l s o  was made on water from nearby Emmikroak Creek 

( f i g .  15 )  a t  low flow. The ana lys i s  does not  ind ica te  a deep ground- 

water source. 



P a r t i a l  analyses of samples of several  other small streams near the 

t e s t  s i t e  a l so  are  given i n  t ab le  4 (see  locations on f i g .  15).  No evi-  

dence of a deep ground-water source i s  indicated.  

Covroeruk Springs 

Several days i n  August were spent making observations a t  Covroeruk 

Springs ( f i g .  15).  Discharge measurements, water temperatures, and water 

samples were taken t o  del ineate  fu r ther  the  hydrology of the  springs. 

Figure 16 shows the  discharge of the  springs i n  r e l a t i on  t o  the  specif ic  

conductance, dissolved sol ids ,  chloride, and sodium content of the  water 

for  the dates  of observation. The graphs show t h a t  the  mineral content 

of the water var ies  d i r ec t l y  w i t h  the  discharge. In  contrast ,  streams 

usual ly  have an inverse r e l a t i on  between mineral content and discharge. 

The var ia t ion  of mineral content of Covroeruk Springs may be re la ted  t o  

various sources of recharge, t o  transmission of water through a greater  

thickness of mater ia l  athYgh discharge, t o  d i l u t i on  by streams a t  low 

discharge, t o  combinations of the above, or t o  other, unknown fac tors .  



Figure 16.--change in chemical quality of Covroeruk Springs 

water with change in discharge, 1959-1960 
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Table 4. --Chemical composition of water i n  northwestern Alaska 
Analytical resul t s  i n  parts  per million except as indicated 

Number on figure 15 

Source 

13 

Covroeruk Springs 

Date of collection 

19 

Discharge (cubic f ee t  per second) 

s i l i c a  ( s ~ o ~ ) .  .................. 
.. Iron (Fe) ................... ,. 

Manganese ( ~ n )  .................. 
................... Calcium (~a). 

Magnesium ( ~ g )  ................,. 
Sodim ( ~ a )  ..................... .................. Potassium ( K ) .  

I ............. Bicarbonate ( H C O ~ ) ,  ................ Carbonate ( ~ 0 ~ ) .  ................... Sulfate  ( 6 0 ~  
Chloride [Cl{. .................. 
Fluoride F) ..~..............~.. 

................. 
Dissolved solid6 

CalcUated......,.....,,....... 
Residue on evaporation a t  180oC. 

Hardness as  CaCO ............... a Noncarbonate har ness as CaCO3.. 
Alkalinity a s  CaC0 3 . . . . . . . . . . . . .  

Gpecific conductange ............ 
(micromhos a t  25 C)  

PH.............e.e..e~.e*~~.*~~. 
C~lor..~............~...~....... 

4 .  

lJ Estimated 

20 
Enrmikroak 

Creek 

4/9/60 

I n  eolutlon when analyzed 
13 9 miles SE of Cage Bprings, Alaska (ap rox. 63'53 I N . ,  164'53 
19- 3.5 miles SE of Cape Thompson, Alaska t' approx. 6a0071 N., 165 52' w.) 
20. 200 fee t  above mouth and 1.5 miles SE of Cape Thompson, Alas& 

(approx. 68'07 ' N.,  165'52' W. ) 
21. 400 fee t  above mouth and 2.5 miles SE Cape T h w o n ,  Alaata 

(approx. 6 8 O 0 7 '  N., 165'52' W. ) 

6.17 

4.9 

%. 00 

0.00 

53 
35 

228 
10 

164 

73 
400 

0.0 
0.3 
0.00 
0.00 

885 - 
276 
142 - 
1640 

7.9 
5 

21 

Creek 

6/5/60 8/6/60 

12.3 

495 

g 0 . 0 ~  

0.01 

58 
56 

310 
12 

161 

76 
605 

0.2 
0.0 - - 

1200 - 
374 
242 - 

2250 

7.9 
0 

8/4/60 8/4/60 

- 

5.3 

0.00 

0.00 

164 
3J3 

2860 
116 

293 

54.2 
4880 

0.4 
0.0 

0 - 
9020 

o 

1700 
14-60 - 

14500 

7.1 
10 

YO .04 

2.6 

0 .OO 

0.00 

43 
7.6 
3.7 
0 3 

151 

18 
6.0 
0.2 
0.2 

0 - 
156 - 
138 

14  - 
274 

7.5 
0 

go- 11 

4.1 

0.00 

0.00 

43 
16 
6.1 
0.9 

158 

43 
9.5 
0.1 
1.2 - 

0 

202 
o 

173 
44 - 

341 

7 6 
0 



Table 4.--Chemical camposition of water i n  northwestern Alaska--(~ont.)  
Analytical resul t s  i n  parts  per million except as indicated 

22. 200 fee t  above mouth and 4.3 miles BE of Ogotoruk Creek, Alaska 
(approx. 6 8 O 0 4 '  N., 165'35 ' W. ) 

23. 200 fee t  above mouth and 4 a 5  miles SE of Ogotoruk Creek, A l a s b  
(approx. 68'04' N., 165'35 ' W. ) 

24. 1 mile upstream from confluence wlth Oakp$poorook River and 9 miles 
SE of Cape Seppings, maaka (approx. 67 53' N., 164O52' w.) 

25. 1 mile above mouth and 8 miles SE of Cape Seppiqs ,  Alaska 
(approx. 6 ~ ~ 5 3 '  IT., 164'55' w.) 

26. 35 miles soutg of Noatak grid 100 fee t  from confluence v l th  Noatab River 
(approx. 67 15'  N., 162 50' W a )  

24 
W. t r i h .  
of Oakpis- 
soom& R.  

8/6/60 

, 4.93 

4.5 

0 .03 

0 .OO 

62 
26 

142 
2 - 3  

167 

9-5  
320 

0.1 
o .6 
- - 

646 
- 

263 
124 - 

1220 

8.0 
5 

23 

Creek 

8/7/60 

y 0 . 0 l  

3.6 

- 
- 
- 
- 

4.2 
- 3  

- 
- 
- 
- - 
- 
- 
- - 

28 
- 
- 

36 

7.2 
0 

-- 

Number on figure 15 

Source 

b t e  of collection 

M s c h a r ~ e  (cubic f e e t  per second) 

.................. S i l i c a  ( ~ 1 0 ~ ) .  

Iron ( ~ e )  ....................... 
.................. Manganese (Mn) 

Calcium ( ~ a )  ................... 
' Magnesium ( ~ g )  .................. .................... Sodium (Na). .................. Potassium (K) .  

Bicarbonate ( H C O ~ )  .............. ................ Carbonate ( ~ 0 ~ ) .  
Sulfate (so4). .................. .................. Chloride ( ~ 1 ) .  
Fluoride (F).  ................... .................. .................. ................. 
Dissolved sol ids  

Calculated.................... 
Residue on evaporation at 180'~ 

HardnessasCaCO ............... 
Noncarbonate haraness as CaCO 

3- Alkalinity as CaCQ 3............. 
Specific conductance............ 

(micromhos at  25'~) 
PH .............................. 
Color.......... ................. 
lJ 

I n  solution when analyzed 

22 

Creek 

8/7/60 

u0.11 
4.3 

YO .OO 

0.00 

- 
- 

16 
1.4 

- 
- 
- 
- 
- 
- 
- 
- 
- 

56 - 
- 

166 

6.8 
5 

~ s t i m a t e d  

25 
Tuttee- 

gea 
River 

8/7/60 

yl.5 , 

- 
- 
- 

23 
11 

- 
- 

222 

- 
- 
- 
- 
- 
- 
- 

102 
- 
- 

381 

7 * 8 
0 

26 

Spring 

4/9/60 

Y6 

7-0 

0.00 

0.01 ' 

40 
17 
9.8 
0.4 

180 

15 
20 

0.4 
0 3 

0.00 
0.00 

199 - 
170 
22 

- 

342 
7-8 
0 
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On the stream draining Covroeruk Springs, hourly measurements f o r  a 

48-hour period were taken on a temporary s t a f f  gage. Figure 17 shows the 

gage-height vs. time and the discharge measured during the period. The 

discharge of the springs Lncreased by about 50 percent during t h i s  period. 

O f  f'urther in t e res t  i s  the periodic r i s e  and f a l l  of the stream stage super- 

imposed on the increasing stage or discharge. The high and low phases are 

about 6 hours apart  and probably represent a t i d a l  e f fec t .  Wells tapping 

ar tesian aquifers, and springs representing an outflow from confined 

aquifers, commonly respond t o  ear th and sea tidal ef fec ts  and atmospheric 

pressure. This effect ,  as observed on the Covroeruk Springs discharge, 

indicates tha t  the water i s  coming from a confined aquifer. The confinement 

may be due t o  the perennially frozen segment of the earth,  t o  Impermeable 

bedrock formations, or both. The periodic r i s e  and f a l l  of the discharge 

represents loading and unloading on the confining bed, or subocean out le t  

of the aquifer, by the ocean. Similarly, atmospheric pressure changes resu l t  

i n  variations of water level. However, the high atmospheric pressure in-  

crease ( f ig .  17) did not r e f l e c t  a decreasing discharge as was expected. 

The opposite e f f ec t  was observed and i s  not f'ully understood. 

!L'JZhe increase i n  discharge of Covroeruk Springs seems anamolous a t  a 

time when Ogotoruk Creek and, presumably, a l l  other streams i n  the general 

area were gradually diminishing i n  flow due t o  very l i t t l e  precipi ta t ion i n  

the preceding weeks. However, the increasing flow of the springs i n  the 

egharge  area may be a t t r ibuted  t o  the effects  of the spring runoff or the 

l a s t  heavy r a i n f a l l  i n  l a t e  June. The subsurface transmission of t h i s  e f fec t  

could l ag  by days, weeks, or months. 



Figure 17.--Stage of Qsotoruk Creek and Covroeruk Spring8 

atreamflow in relation to barometric preaaun, 

A w t  5-7, 1960 



The c h e a c a l  analyses of Covroeruk Springs (NO. 13, table  4) water 

taken i n  April and August of 1960 are shown i n  tab le  4. A chemical analysis 

(No. 24, table  4) of water from the west t r ibutary  of the Oakpissoorook 

River ( f i g .  15) was determined for  correlation with Covroeruk Springs water. 

The analyses are  similar i n  tha t  the t r ibutary  stream has about half  the 

mineral concentration of the springs. These data suggest the poss ib i l i ty  

tha t  the stream i s  the source of recharge f o r  Covroeruk Springs. Moreover, 

the stream flows across the s t r ike  of the rocks, which probably extend t o  

the springs* The stream i s  a t  a higher elevation than the springs and, a t  

the time of observation during a low stage of the stream, the flow sank in to  

the stream bed behind a hill from the springs. However, i f  the stream were 

recharging the springs, i t  appears unlikely tha t  the water from the s ~ r i n g s  

would have the increased concentration of minerals. The discharge of the 

stream on August 6 was about half tha t  of Covroeruk Springs. 

Table 4 shows an analysis (No. 25) of water from Tutteegea River ( f ig .  

15), which was taken a t  low flow t o  determine whether ground water was con- 

t r ibut ing  t o  the low flow. It apparently represents only surface-water 

runoff* The analysis of the spring referred t o  i n  an e a r l i e r  report  (Gcha- 

doorian and others, 1960b, p. 30) a l so  i s  presented i n  this report (NO. 26, 

table 4 and f ig .  15). 

Sources of recharge 

The deep aquifers i n  the area of investigation receive recharge from 

r a i n f a l l  and seepage from streams i n  the outcrop areas. The 



occurrence 00 permafrost t o  depths of about 1,170 fee t  (see chapter on geo- 

thermal studies) i n  t h i s  region creates an obstacle t o  ground-water move- 

ment from recharge t o  discharge areas. In order for  ground water t o  move 

from an area of recharge t o  an area of discharge, the water must pass 

through or  under the permafrost. To pass through the permafrost, the 

water must have suf f ic ient  veloctty, heat, or  mineral content so tha t  

it w l l l  not freeze before reaching a point of discharge. If the ground 

water i s  transmitted beneath the permafrost, the same general conditions 

must prevail  t o  permit t ravel  downward from the recharge point and up- 

ward through the permafrost t o  a discharge point. Data and observations 

on discharge, chemical q ~ a l i t y ,  and temperature of the water provide the 

basis  fo r  postulating e m c e e  of recharge. 

In  the area northwest of Ogotoruk Creek,the deep aguifere have two 

probable sources of recharge* The steeply dipping rocks forming the 

hills prwide  a catchment area for  enonaelt and ra in fa l l ,  Water may 

percolate through unfrozen rock fractures  and emerge i n  etreame or 

sprfnge. The second possible eaurce of recharge i n  this m a  i s  the 

Kukpuk River t o  the north ( f ig*  15). The r iver  travereee the same rock 

formations, although a t  not too great an elevatdon ebove the springs, and 

may lose water i n t o  the xbck8. Becauee of the few sma;ll springs and the 

small low-flow stream discharge o b e e m d  i n  U s  area, snowmelt and rain- 

f a l l  probably are the principal eources of r echa~ge  , 

I n  the area southeast of Ogotoruk Creek, recharge t o  deep aquifers 

probably oacure along the Kukguk River and the upper reaches of the 

KivaUna River. An a e r i a l  reconnairsance wae ma& i n  this area a t  a 

time of low stream flaw. Streem losrree a t  spec i f ic  s i t e r  were not 
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determined, bu t  the  b r i e f  reconnaissance and discuss ions  with o ther  geo- 

l o g i s t s  making f i e l d  inves t iga t ions  i n  the  area,  ind ica te  t h a t  c e r t a i n  

rock formations along t h e  streams a r e  suscep t ib le  t o  r i v e r  i n f i l t r a t i o n .  

Hence, water could percola te  through t h e  permeable por t ions  of t h e  rocks 

and emerge i n  spr ings  and contr ibute  t o  the  flow of streams along the  

coas t .  

\ 

Conclusions 

Tentat ive conclusions of t h e  inves t iga t ions  t o  da te  a r e  presented 

here in  f o r  t h e  two major goals  of t h e  ground-water phase of P ro jec t  

Chariot .  

Radioactive debr i s  f a l l i n g  i n  t h e  Ogotoruk Creek drainage a r e a  could 

contaminate the  shallow a l l u v i a l  aquifer  of Ogotoruk Creek. However, the  

aqu i fe r  probably i s  near ly  depleted and replenished each year. The por- 

t i o n  of water o r  i c e  t h a t  i s  re ta ined  i n  t h e  sand and g rave l  each year 

probably i s  f lushed out  the  following year, except poss ib ly  f o r  a wedge 

below sea  l e v e l  near the  lagoon a t  the  mouth. Whether t h i s  wedge is, o r  

can be, f lushed out each year i s  not known. It might provide a rese rvo i r  

f o r  accumulating t h e  r a d i o a c t i v i t y  i n  ground water a f t e r  the  t e s t  shot .  

Any l o c a l  concentrat ion of r ad ioac t ive  d e b r i s  occurring inland on 
- 

recharge a reas  could contaminate the  deep aqu i fe r s .  The aqu i fe r s  could be 

contaminated by subsequent recharge of snowmelt o r  r a i n  water percola t ing 

i n t o  t h e  rocks. I n  addi t ion ,  contamination of deep aqu i fe r s  could r e s u l t  

from l o c a l  concentrat ions of radioact ive  d e b r i s  i n  t h e  upper reaches of t h e  

Kukpuk and Kivalina r i v e r  watersheds. Radioact iv i ty  could be concentrated 

i n  some recharge a r e a s  by drIf t ing,snow accumulating i n  she l t e red  areas ,  



I f  the  nuclear  devices a r e  detonated during t h e  spr ing .  Runoff and the  

subsequent pos tu la ted  recharge along the  r i v e r s  could c a r r y  the  r ad ioac t iv -  

i t y  i n t o  t h e  deep a q u i f e r s  and c o a s t a l  spr ings .  Both the  Kukpuk and Kivalina 

r i v e r s  e n t e r  lagoons a t  Point  Hope and Kival ina  v i l l a g e s ,  r e s p e c t i v e l y  

( f i g .  15) .  Whether d i l u t i o n  i n  the  a q u i f e r s  and streams would reduce any 

l o c a l  concentrat ions of  r a d i o a c t i v i t y  t o  s a f e  l i m i t s  i s  not  known. 

The kown of Po in t  Hope uses a we l l  i n  t h e  summer f o r  water supply. 

The aqu i fe r  probably i s  recharged by snowmelt and r a i n f a l l  d i r e c t l y  on 

t h e  beach. During t h e  winter  the  town obta ins  i t s  water from snow and from 

i c e  cu t  from nearby lakes .  Kotzebue and Cape Lisburne ( f i g .  15)  a r e  t h e  

nea res t  se t t l ements  having subsurface sources of water supply. The sources 

of recharge f o r  Kotzebue and Cape Lisburne probably a r e  more than 50 miles 

from the  Chariot  t e s t  s i t e .  
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SURFACE WATER DISCHARGE OF OG(YT0RUK CREEK 

NEAR CAPE THOMPSON, ALASKA 

Marvin J. Slaughter 

Introduction 

Ogotoruk Creek empties i n t o  the  Chukchi Sea approximately 6-1/2 

miles southeast of Cape Thompson, Alaska. The stream i s  about 10 miles 

long, braided throughout most of i t s  length, and drains  approximately 

40 square miles. 

Hydrology 

The gaging s t a t i o n  ( o f f i c i a l l y  named Ogotoruk Creek near Cape Thomp- 

son, ~ l a s k a )  on Ogotoruk Creek i s  located 1 .2  miles above t he  mouth. The 

s t a t i on  i s  not operated during winter months because severe i ce  conditions 

r e s u l t s  i n  l i t t l e  or  no flow. 

During the  1960 water year ( ~ c t o b e r  1, 1959 t o  September 30, 1960) no 

s ign i f ican t  flow occurred from l a t e  October 1959 t o  mid-May 1960. When 

the  s i t e  was v i s i t ed  on November 11, 1959 and on Apri l  7, 1960, the re  was 

no flow i n  the  creek. A tabula t ion of da i l y  and monthly mean discharges 

and peak discharges t h a t  exceeded 400 c f s  (cubic f e e t  per second) a re  

shown on t ab l e  5 f o r  the  1960 water year. 

Only one discharge exceeded the  base f o r  peaks (400 c f s )  during the  

1960 water year. The surface runoff i n  water year 1960 was subs tan t ia l ly  

l e s s  than i n  water year 1959. The observed runoff during water year 1959 



Table 5.--Discharge in cubic feet per second of Ogotoruk Creek near 

Point Hope, Alaska from October 1, 1959 to September 30, 1960 

Day October May June July August September 

Total, cfsd 
Mean, cfs 

5 59 792 1,646 
18\:)0 25.4 

477 
54.9 

1,523 
15.4 49.1 

236 

AC - ft 1,110 1,580 3 260 946 
7.87 

3,020 468 

Peak discharge (base, 400 cfs).--~ug. 10, 5 p.m., 940 cfs (3.59 ft.). 

L/ Discharge measurement made on this day. 
NO gage-height record; discharge estimated on basis of weather records. 

Note.--Stage-discharge relation affected by ice Oct. 9-11, Sept. 9-12, 15-20, - 
27-30, and during most of the periods of no gage-height record. 



was: June, 12,660 acre-feet; July, 7,080 acre-feet; August, 1,580 acre- 

feet; and September, 787 acre-feet (~achadoorian and others, 1960a). 
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